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Xnt reduction 

. . 

%be@ 
~ h e / o x i d e a  U Q 2 ,  U Q and . 00 b v e  been known for over 3 

a hundred gears ,  but a systematic investigation of the 
' 

, 
uran'i&-oxypen system was first mdertaken by 3Ibttig, gilt2 

. . . . .  
r . . 

913d bo-workers i n  1920-19282 . aecent s t u d i e s & &  thk Men- 
. . . . 

hatten ~ r o ~ e c t t i n d  In ~ r i t a i b ,  have provided considerabb new. . 
. . . . 

. . * 
information; including % h e  discdrery of uraniub mo~ioride ,. UO.., 

. . .  

We solubiI.it,y;of . . oxygen i n  uraniuo; I s  smal l  and the same, 
. . . . . . .  . . . . -  

. . . . . . 

I s  t ~ l e  of the. s o l u b i l i t y  . 
. 

of 'uranium in urueium moqoxidq; in 

other words, the range U ;io -UO i s  . essent ia l ly  . d i p h e s i c .  ' This 

was a l s o  'o~nsidered t o  b e  . . true of t h e  range U O t o  DO2 u n t i l  

~ a o h e r i s s e d  iolind . . in 1946 a hoaogeneous ' phase with ' ehe compo; 
. . . . 

. . 
sition UO1 75e T h i s  nap. be e i t h e r  a new. compound. (U4Q7) a o r  

. . 
: . .  . . 

the 'bevies, end :of. a s e r i e s  of sohid soaueions which piavrious3.y 
8 .  

' . wa.b knowii'.. t o  extend. .from UQ 
. ,. . . . .  , . 2.00 t o  0 ° 2 a 3 ~ b  Above DO$ a %her& 

. . . 0 .  . . . . 

$01low@ a d b p h a s P c ' , r e g i o ~  the up.bes B i m i t  .of vahich i s  not 
. ' "' 

. . .  
. . def in i te ly  ,ektablished. The existenbe of an oxide ~ 0 ~ : : ~  

. . . . . .  
~ ~ . . " z & * . r h p . r h p . r h p . r h p  

. . . . 
, . 

' * . . ,  . . .* systematic 'study of t h e  0/0 sys~em'klso we9 promised  i n  a. 
. . 

note  f son 'E. Gleditsohq s' laboratory at O s l o  (iqatuk; '28, 127' 
. . .  . . 

(l'940) . but the r e s u l t s  of this study, if: any, were  not 
. . 

,available. at 'the time of  the writing' of t h i s  review.. 
. . . . 



(U203) was a s s e r t e d  severa l  t imes i n  t h s  e a r l i e r  i f  t a r a t u r e  

and,  r e c e n t l y ,  a t  iimes ki homogeneous nhase w i t h  th i . s  composf- 

t i o n , a g a i n  was found by x-ray a n a l y s i s .  Arccording t o  i aes  

observers;  Uc)205 i s  t h e  lower end of a*  monophasic region 

a which extends u p  t o  and beyond U02067 (zU308). On t h e  other 

hand, B i l t z  and : & l l e s q s  t ens imet r i c  a n a l y s i s  of t t lb  uqiniuol- 

,. oxygen s.ystem gore no i n d i c a t i o n  of t h e  ex i s t ence  of a  com- 

, pound U205. According t o  t h a i r  observa t ions ,  t h e  lower l i m i t  

of ex i s t ence  of a t h i r d  homogeneous uranium-oxygen phase (of tier 

UO and U 0 2 )  i s  a t  U02* 62 qu i t e  c lose  t o  U02u67 (U,O,) . \ ih l le .  * 

. . 

it i s  thus uncer ta in  whether t h e  monophasic range Gagins a t  

'O2.50 o r  a t  uoZ0 6Z , : . there i s  no doubt t h a t  the  upper  l i m i t  of 

t h i s  homogeneous range extends f a r  b e y 0 n d , U 0 ~ ~  67 - i n .  all 
w b  

probab i l i ty /  UOg. . - 

The plaases UO and U02  (more exac t ly ,  UO to UOp .70) 1,75 . .  d 0 

a r e  cubic face-centered;  t h o  first one has  t h e  rock s a l t  

s l r u c t u r e ,  t h a  second t h e  Pluos iee  s t s u c t u r ~ .  The phases be- 

tween UU2u50 ( o r  U O Z u  6Z ) and U03000 show a continuous t r t insi-  
"! * 

t ' ion from an  orthorhombic t o  a n  hexagonal l a t t i c o ,  I n  a d d i t i o n  
. . 

, , 

t o  the' hexagonal form, Ud3(I) , urznim- t r i o x i d e  a l s o  e x i s t s  i n  

one amorphous, and i n  a t  l e a s t  two, and perhaps f o u r ,  cathas 

( a s  ya t  u n i d e n t i f i e d )  c r y s t h ~ . i n 6  forms. 

The a f f i n i t y  for V J E I ~ G T .  i nc reases  from lJdZ t o  UClg. The 

hydra tes  ' J U 2 ~ x + I i 2 O  and U3U8e.xH20 [ w i t h  x probcbly e q u a l  t o  2 )  

a r e  known, but  haye no$ bsen vecy well  inves t iga ted .  Severa l  

UO3-hydrat~s,  on cha o t h s r  hand, have bean  well  I d e n t i f i e d ,  



both c r y s t a l l o g r a p h i c a l l y  and a n a l y t i c a l l y .  They include . 

t h e  semi-hydmte 2UO30 H Z 3  (=H2U207) , f o u r  a 110% ropic  forms 

of t h e  monohydmte U O ~ O H ~ O  (=H2U04) and two a l l o t r o p i c  f o m s  

of  t h e  d i h y d w t e  U03:ZH20 (zH4UQ5). , 

The oxide U02 is s t rong ly  bas ic .  The oxide UOg is  ampho- . . 
. . 

t e r i c ,  1.0. i t  can be neu t ra l i zed  e i t h e r  by e ~ i d s ,  forming 

uranyl  s a l t s .  ( e  .go US23O4). o r  by a l k a l i s ,  farming u rana tes  

(e .go  Na2UQ4). The oxide Ug08 has o f t e n  ,been i n t e r p r e t e d  a s  
-2 . . " ,(U04 In agreement with urano-urunate ,. UOZcZUOg, o r  U . 

t h i s  concept,  U3Q8 g ives  vvith a c i d s  mixtures of uranium (IT). 

and u r e n y l  s a l t s .  However, t h e  formula U020ZU03 should not be 

taken a s  i n d i c a t i n g  t h e  presence i n  U308 of two types  of urani-' 

' wn atoms. X-ray a n a l y s i s  shows t h a t  a l l  uranium . . atoms in U3i'Je 

occupy equiva lent  pos i t ions ;  they t h u s .  probably ca r ry  a l s o  t h e  

same average charge ( +  5 1/31. Th i s  f r a c t i o n a l  charge' can be 

maintained b i  resonance between. %wo ( o r  more) valence . , s t a t e s  

*' a-nd IJ6* 1 . 4e0g* U . . 

Magnetic i n v e s t i g a t i o n s  ( o f .  p . 4 0  3 have been i n t e r p r e t e d  

t o  show t h a t  UgO8 conta ins  IJ5+ i o n s  ? a t h e r  than  .U4' ' ions and . . . ' 

it was suggested t h a t  the  formula of t h i s  comgound should be 

w r i t t e n  -uZo5 O U O ~  r a t h e r  then  UO 2 a2UQgo ~loweuer  , here aga in ,  

t h e  interprets t i o n  must taKe i n t o '  account tho exis tence  02 

mesomarism. I n  o t h e r  words, Ug08 must be described a s  a 

mesomeric compound t h a t  behaves i n  t h e  presence of a c i d s  a s  

if i t  contained t h e  ions  u4+ and u6': i l d  in s mugnetio f i e l d  
64. a s  if it contained the  i o n s  u5' and U 



The na tu re  of oxides w i t h  more than t h r e e  oxygen atoms 
. 1 

p e r  uranium a tom i s  not  completely understood. rrnhydrous 

oxides with d:U r= 3.2 - 3,5 have been obtained by' dehydration . . 

of UOqo21120,  o r  decomposition of a m n o n i ~  d iuranato  i n  a 

stream of oxygen ( o f .  p .  119 1; .and a l l e g e d l y  a l s b  by e lec -  

t r o l y s i s  ( h f  . ~3.53) i These oxides decoolaose t o  UPS and oxygen 
. . . 

'+ s a l t s  and oxygen i n  con- i n  c o n t a c t  w i t h  v ~ o t e r ,  and t o  U02 

t a c t  with ac ids :  The Brow. u n i v e r s i t y  Group considered ~ 0 ' ~ ~ ~  

a s  ark equimolar mixture of U03 and aehydsous uranium t e t r o x i d e  

UOq; however, i t  i s  not  c l a a s  why UO 3,5 should not  be t e d t a -  

t i v e l y  considered a s  a sepa ra te  oxide,  U Z 0 7 ,  s i n c e  a l l  a t t empts  
3 .  

t o  prepare pure anhydrous U04 have s o  f u r  been unsuccessful  

( c f ,  p. 62) I e  
. * .  . 

! - . Hydratod UOq may c o n t a i n s i n  t h e  a i r -d ry  s t a t s . u p  t o  4,5 

moles H20;' according t o  most obsemers ,  hocveves, $he only d,efi  - 
. . n i t e  U04 hydrate  i s  UU402H20. I n  con t ras t  t o  anhydrous Ud3h5 

.the hydrate  U04t :ZH20  i s  n o t  decomposed by water o r  a c i d s ;  i n  

4 N_ I12S04 i t  g i v e s  a 'wesir s o l u t i o n  capable of redbcing dAnO 
, . 4 "  

Consequently,  U04p2H2P should, perhaps be considered a s  : f r e e  

qqperuranic  ac id tq  H4Ud6 ( i .e , ,U"(0H)~(00H)  .) g iv ingp  ih equi- 

l i b r i u m  with water,  a smll amount of HZOZ: 

( p e r & a n i c '  a c i d )  ( u r a n i c  a c i d )  ' 

1 
' 

The i n t e r p r e t a t i o n  o,f UOq~2H20bs f r e e  oeruranic  a c i d  was 

- first  sugge.sted long ago by E'qirley '(1877) end l iosas jevsky  

(l903), b u t  has  opposed by itosenheirn and Doehr (1932), who 



pointed out t h a t  UO402II2c) cannot be neu t ra l i zed  by a l k a l i s  
J 

t o  'form 'perurantes .  . They determined the  " ? e r ~ x i d e ' ~  oxygen in 

Uuqa2H20 .by t i t r a t i o n  with pernanganate o r  iohine  according 
, . 

t o  t h e  method of d i e s e n f e l d  and tiiau (19111, and f b u n d  one . , 

oxygen atom t o  be lPpasoxidic . ' '  Qn, t h e  s t r e n g t h  of t h i s  s e s u l t  

~ t t t i ~  an? v .  Ycbroeder ( 1 9 2 2 ) ,  on  t h e  o t h e r  hand, formulated 

t h e  uranium peroxide hydraties a s  e d d l t i o n  compounds of UOg 
, 

and HZOZ: 

A I L  these  'suggestions cssxy l i t e l e  weight and a s i g n i f i c a n t  

d e s c r i p t i o n  o f  the  cons t i tu t ' ion  of U0402Ei20' can- b e  based only 
, . 

~ r n  a complete x-xa%y anallysis,  which has  a06 a s  ye t  b ~ e u  car- 

.r.ied out., 



i>hase i ielationships i n  the ~ r a n i & - ~ x ~ ~ e n  10 - 
System. 

1.1 Aange U-UO; .the So lubi l i ty  of Oxygen 

i n  Uranium; tho Uranium 1J.moxide. 

1 . 2  &rge U d - ~ ~ ~ ~ ~ ~ ; t h e  Uwnium . . Dioxide. 

1 .3  ' ltange U%030-U02,67; the Oxides U205 ( ? )  

1.4 nange U02. 67 -U"; the Uronium.Trioxideo 

1?5 &nge above UOg; the Sxides U Z O i  ( 3 )  

and. U04. 



1, Phase. de la t ionsh ips  'in the Systom Uruniu-Oxygen - - 
1.1 danqe U t o  UO; S o l u b i l i  t y  of Ox,yaen i n  Ursni  um; 

t he  Uranium Monoxide. The s o l u b i l i t y  of oxygen i n  uranium - 
i s very small ,  even a t  ternpertltures sbove 2 0 0 0 ~ ~ ~  The b e s t  

a v u i l a b l e  r e s u l t s ,  obtained a t  t h e - N a t i o n a l  Bureau of Stand- 

a r d s  (Net. Bur. ~ t a n d a r d s , 1 , 2 ) ?  are   lotted in F f g .  1. The , .  

curve shows a s o l u b i l i t y  of t h e  order  of '0.05 atom p e r  cent 
. . 

. , 
oxygen e 4 t  t he  melt ing point of uranium ( 1 1 3 ~ ~ ~ )  kising t o  

3 . 1  per cent a t  1400?~ and 0,4 atom pe r  cent st 2000~~. The 

s o l u b i l i t y  of oxygen ( o r  uranlum oxidej i n  s o l i d ,  uranium could . .  

not be determined exact ly ,  but t h e  f a c t  t h a t  oxide inc lusfons  
the 

appear ( a f t e r  enneel ing i n  - a  even i n  mettll conta in ing .  

a s  . l i t t l a  a s .  Q,05 atom per  cent  oxygen, shows t h a t  s o l u b i l i t y  
. I 

i n  the  s o l i d  phase i s .  even smal ler  than  i n  the  l i q u i d ,  This  
I 

i s  indica ted  by t h e  dot ted l i n e  i n  Fig, 1, 

i&ccording t o  t h e  Nat ional  Busesu of Standards I.Nat. .Bur. 

Standards 31, cranium oxides p r e c i p i t a t e  from oxygen s o l u t i o n s  ' .  

i n  molten uranium upon sool ing;  p r e c i p i t a t i o n  occurs i n  e i t h e r  
t%le 

. t h e  $ or/ &-rewe, dependisrg on t h e o r i g i n a l  oxygen con- - 
c.e.ntration. 

)it i a e s  (i<P i a e s  1) u & n i u  oxide shmples of viirying 

composition were prepared b y  hoat ing  coaprossed mixtures of 

uranium meta l  powder and ursnium dioxide i n  vacno. I n  t h e  

composition range x = O t o  2 ,  the '  products give .only uranium 

aqd uranium monoxide x-ray d i f f r a c t i o n  p a t t e r n s ,  The l a t t i c e  
1 

a+ 

spacing of d - u r a n i m  was n ~ t  m r k o d l y  a f f e c t e d  by the pmse.nce 

I+ C I 
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FIG. I. SOLUBILITY OF OXYGEN. IN URANIUM. 
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B i l t z  and h d i l l s r  (1927) saw i n  c l e v e i t e  a minera l  with 
J c-q~n%%$l 

t he  U02 s t r u c t u r e  but with a c o m ~ o s i t i o n  c lose  t o  UgOe a n d  

suggested t h a t  the  U02 phase can take up even 'more oxygen 

I - 
than corresponds t o  the  formula U02030; but t h i s  i n t e r p r e t a -  

t i o n  of c l e v e i t e  s t r u c & u r e  i s  probdbly i n c o r r e c t  ( o f .  ~ h a p t e r  3) . 
ex4ant ~f' the 

There is disugreement , u s  t o  t h e  homogeneous por t ion  of 

the  range UO t o  U O Z u m .  ~ c c o r d i n g  t o  im6s x-ray o b s e m e t i o n s ,  

the  region extending from UO t o  c lose  t o  UOZOQ0 -is diphas ic ,  

Only a vary l imi ted  s o l u b i l i t y  of UO i n  UOi i s  indicated-  by t h e  
\. 

s l i g h t  change i n  t h e  UOZ l a t t i c e  constant  produced by hea t ing  

GO2 w i t h  uranium metal powder (ao r 5.4618 f o r  U02 + U a s  

a g a i n s t  a. =' 5u4591~ f o r  pure UOZs c f .  Tsble 3) . 
I On t h e  o t h e r  hand, Zachariasen (MP Chicago 1) found a 

homogeneous space-centered cubic  phase . w i t h  a composition of 

approximately U01075 (=U407a t ~ t r a u r ~ n i u m  heptoxl.de). Since 

t h i s  phase was present  a t  t h e  same tima a s  t h e  normal U02 

phase ( a l s o  f u c e ~ c e n t e r a d  cubic ,  but with u smal le r  spac ing) ,  

UqO7 may he a separa te  compound, analogous t o  Th4S7. However, 

t h i s  'conclusion f s not  qu i t e  ' c e r t a i n ,  Occasionally , two 
. . 

I p b  s e s  , similo r i n  c r y s t a l .  s t r u c t u r e  but d i f f e r e n t  i n  composf - 
I t i o n ,  have a l s o  been observed i n  t h e  undoubtedly monophasie 

range between U02L00 and U02, 30 ?vhere t h e i r  presence must have' 
. . 

been due- t o .  incomplete e q u i l i b r a t i o n .  It i s  theref  ore  poss ib le  

( M i J  ~ e r k s l e y  1) t h a t  t h e  s o l i d s o l u t i o n  rango now being d i s -  

I # 

cussed extends down t o  UOI 75, and t h a t  the  simultaneous 
. k .- . 

occurrence o f  UO1 75 with UOZOo0 a l s o  was 2ue t o  a l a c k  of 



e q u i l i b r f a : ~ ,  This  hy9othosis i s  supported by x-riy 

a n a l y s i s .  n l l  oxides bet;vieen U01075 and U0203 c r y s t a l l i z e  

with the  cubic ,  cfuce-6a.ntered klu~riLo stx+uctu~f3. ~ ~ c o r d i n e  

t o  Table 3, $he l a t t i c e  constant  of U01075 i s  5 0 4 7 7 ~ ~  that 

of s t o i c h i o m e t r i c s l l y  pure  iTOZ i s  5.460L,and t h a t  of U02s30 
2 .  

is 5,430~; t h i s  w.j:f o m  cbsnze of spacing .mikes the  hypothesis  

, of a continuous s e r i e s  of s ~ b i d  solut iaos  p laus ib le ,  It is 

noteworthy t h a t  the  l a t t i c e  constant  decreases with inc reas ing  

oxygen content ,  .Th!.s -shrinkage l a d  ~imdEe  & a d  co-workers a t  

m e s  t o  advance t h e  suggestion tihat the  increase  'in the 0:U 

rati io mtay be  due t o  deficf~ncy sf uranfw~. ,  r a t h e r  t h a n  t o  

proaence sf e x t r a  oxygene Sf' Chis Rgpothes.is i s  c o r r e c t ,  t h e  

denslty of %he oxidea shouiti decrease considerably from UOZOo0 

( o r  ) t o  U0,0300 O n  t h e  o t h e r  hand, ~ ( l t e i g  (1924) sug- 

gested that  oxygen atoms i n  excess of the formula UO may be 
2 

f r q c l y  movobls i n  the  U02 crystal lattice; B i l t z  and ~(illar 
I .  

(1927) assumed tha t '  they a re  held i n .  the  f l i n t e r s t i t i a l H  

spaces of t h e  U02 l a t t i c e .  ~! .ccord ing  t o  these concepts,  t h e  

dens i ty  of U02030 should be  higher  than t h a t  of UQ2,since 

t h e  u n i t  c e l l  of UOZo30 must ccntain-, d e s p i t e  i t s  aomewhut 

smaller  size, thd same, nunbar of uranium etams and 1-5 p e r  cant 

more oxygen a t o m  than t h e  uniC c e l l  of T J ~ ~ ~ ~ ~  a , 

The .oxpes imonta l  date  on t h e  dens i ty  of uranium oxides 

,between IT0 2.06 and U 0 3 0 ~ ~  a r e  given i n  Thbls 1. They show, 

In t he  first p luce ,  t h a t  t h e  u n p l r i c a l  d e n s i t y  of UOZOo0 

a e r e e s  well ' w i t h  the  vulue ctilouiated from t h e  x - r ~ ~ y  d i f f r a c -  



t f o n  data on t h e  assumption t h a t  each elementary c e l l  conta ins  

I its f u l l  complement of f o u r  uranium atoms. I n  t h e  second 

I ,  place, .  t h e  experimentcll. den.si ' ties inc rease  s l i g h t l y  from 

UOgOQ0 t o  UOZo30. This  proves t h a t  no s u b s t a n t i a l  fract ion 

of uranium i s  "missingw e i t h e r  in U02000 o r  i n  t h e  h igher  

oxides up t o  U02030 (about a probable small  def ic iency of 

uranium, too  small  t o  e f f e c t  d e n s i t y  determinat ions but e- 

nough t o  account for e l e c t s i c a l  conduct iv i ty ,  see p,  38 l .  

The observed increase  i n  d e n s i t y  between UOZOo0 and 

U02.30 i s  somewhat l a s s  pronounced than would be expected from I . . 
I t h e  x-ray date on the a s s m o t i o n  of no 'Bdef ic i t f l  of uranium o r  

,' 

oxygen (cf . l a s t  col'unm of  Table ,I) . . The mole volumes, calcu- 

l a t e d  by B i l t z  e n d  ~ i i l l e r  (column f i v e  of this, Table) , o r e  prao- 

t i  c a l l y .  constsnt  from UOZoo t o  ~ 0 ~ , ~ ~ ~ ' ~ w ~ i 1 e ,  the  l a t t i c e  con- 

s t a n t s  r equ i re  t h a s  these  volwnes should docrease by a bout 

1 , 7  p a s  cent .  However, the  d e n s i t y  measurements may have beon 

not accura te  enough t o  r e v e a l  t he  a n t i c i p a t e d  dscr?rsn. 

- .  . 
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13  he m 2 e 3 b .  t o  U(Z 2.67 the ~omound U3080 ~n this regson, 

too, them is a diaagreemnt between -the conelusi~na reached at hues from 

orgetallogmphfa measummeats and the tensimetric claw of Bilta and 

m e r ,  'Phe disagreement come- the uomposition of the orthorhmbic 

phase, which is present (togetb8r nit& the cubic 002 phese) when x in 

UDx exoeods 2,30, f 

Aceording Plo the Arnea x-ray amly~es (tdB k c s  2) .this phase h e  the 

c;omposltian TB)?05~o .- A pare lhomopnem phase of this composition m e  

obtaiaad at h a s  by heating togethef aqml quantities @ W2 aad 0$80 

The e ~ y s t a l  stmctum of the mw phase was found b be tomwhat different 

m m ~  tbt af although both an, m%horhombio; it my therefore be oon- 

eidered a separate coapou-ad, diumnlulil mtox2ile, U205. Singlb, needle- 

shaped mystah exhlbitfiyl x-raypattern of U205 hare been obtained 

accld6ntallg a t  Ames hcompanied br ocWmdra1 W23 orystsls) during an 

experiment in whfoh?J02Cb2 tffe.s decomposed at WWC, Despite the dlffsa- 

extee in cqcstal struolam, U& can b e  comertad into u3Q8 by @?3dIIal 

uptake sf oxpga without ths foramtian of a new phase, 

The axistence of a h ~ o ~ o u e  p'baa also was asserted by 

several earlier imestigators, partict&wly ~echsrier de ~oninck (1901,1903 ) , 
de Cc&nck asrd Camo (1901), de Corahek an& Regnswib (1912) eurd Sohwartzi 

(1920); but denied by othe~s ,  cog, Xabeau (19221, JoUboL and Boasuet 

( w )  and, p a & i u r u ,  mi*' and drlpap, (192% 1, 
Bflta and &er msuasured t b  pPess\n°ec of ox;pgen over &m oxfdes 

of osrioao e ~ w ~ t i r n ~  Betwe- 1102067 (=v3o8) and w ~ ~ ~ ~ ~ ,  dewmpos%tiem 

p e a u r e s  wem established xspidly and mftemlbly, and %herefom appear 

t o  be t ~ g  cqu*litmim preasmes. ~eoause of the mpfd in 



pmaaure n l a  acrmpesitlon, wliabbe g vex%- 3 curves can be obtained 
II. 

h t h i s  raage only if th. oaqmlticn af ths s c U d  2s detormined ewefly, 

Thla wae ' d m  by BUtz and Wlsr, either by dfrect analpie or by ea1- 

alatlm h.an %he mount Of oxygen In the gas p h s s ,  Earl%- 3.westfga- 

ttam of ,$ha deeompotsitlk gra~rmro of uranium! d d a s ,  in which this point 

was nee;beoted, ape of "lfttle value, prtiotzbrly those in which a rela- 

tively 8mXL ammC; of sol id was used in a volme/a? *,as in the 

S b t t k y  (1931) on the b a l s  of the* %heory sf "ordered afred phages." 

They attributed the ohnge %n deooa'poalt~on p~essu~e w i a  decreasing 

q @ n  oontent to a91 lxxmased zmml$er of "holean in the -en sub- 

lattice & U3Q8. ~ h i a  t h e m  leads to a linroar reletirmahip btzrean 
I 

V J ~  and t h  devlatim hPg kt~i01hianetr1c aanpsiticm; m h  a 1~)- 
2) 

Ths undoubhdly monopbtc mgia between UD2 67 oD2062 fan- 

awed according fro Biltz and L&Uer by a region oP &&ant p t e s m  

whieh, amomlhg to the phage M e ,  must aomeeposad t o  a diphsio  eptern0 

T'hb pegion e*tends *CBI ID2 6% m2,30 5 no hcmogen~o~ pkiw w i t h  the 
0 

w i t i o n  m2 c,50 exist8 a ~ o o ~ ~  to these ~ e ~ ~ f i s ,  Ths diasoeh- 

titm pressure bag* to declha again w i t h  decreasing only in the well 
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AND W .  SCHOTTKY, 2.  PHYSIK'. CHEM., ' ( 8  1, 'c, 
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. . .  2 0 0 ( 1 9 3 1 ) ) .  



I=@-d by B a t %  md B?6Uew0 F- twth~~  6aeompsaf$icm., IwdPnng to om- 

Tho 6empo9ttiobp pmsnma of tb w3dos W20LQ and 1)02,611 * 

we= f d  by 3 ~ ~ 8  and B&XIB~ to tm i t i ~ n t t c a ~  knot at, ~ W C  but a b o  

a% eeweml l i i g h d ~  ~mpamtwes ~r.p $0 ~4.c8.42. Prom $gns absemed or a~impa-  

h$sd pnzlassme vaPnas,Bfl%a am? I%Uer conaQ;meeb.di a w%Prr$m-carygea f.sonmr 

comeamding t o  10 m q g ~ n  press?&% @$go 3). W@F ehla pasuprr UjOg 

b sbblo between 5630% and ~ ~ m h e r e  abcm G~CPDC,, Batween 75WC mid EBWC 



Ean densiey nas obaemed Pn 4i?,*, rezion of x = 2.5 by ~ i i t z  and I ~ F  

(ef. mb~a a) ,  WINJ ~ O C T ~  a pn~.e$icaw ~ i - r  tiearsasu 8 aitb r irm 

r 203 %@ x = 2.92 (cf. -Pfgo 21, 

fo ia~zd somesponcl~ to a <QLI~.%F of 8 o B 9  2n ~ p ~ ~ ~ ~ t . ~  ~ p e n a f [ p %  . 
C 

v122,h ~@sps%ta of' ddma.$ ~2=mm$:% %jrPPom 3n Tabla 1, 

V02.62" 22' bcoo x-mr obwem%ic,m meet, its 5tabIUty EST perkpa 

B*& to GO2 50Q ??.hem L no doubB %Is-% tJm raanrt phA~~s earm ais t  a h a  
0 

. a h  E$ 6q, The d@nei%y e m  (pig0 5 )  show@ no b~*& at ths @ a q m ~ f  - 
> 

m y  he d u ~  to Wla Facl; ?hat d ~ n s i t y  value fop U03 was cbtahed n45$ 
- 

s m q B t w  trf odde, 

L4ecmd$ag %a  he^ &&A (W Ams 31, x=%y diagmm GO&- Qae 



O / U  RATIO 
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FIG. 5. CHANGE IN  MOLECULAR VOLUME AS A FUNCTION OF 
: UR.ANIUM - OXYGEN .RATIO. ( FROM W. BlLTZ . AND 

* H .  M ~ ~ L L E R ,  Z. ANORG. ALLGEM. CHEM., 163, 293 ( 1927)). 
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' . 

FIG. 6. DECOMPOSITION PRESSURES OF URANIUM - OXYGEN 
SYSTEM IN THE RArNGE U03 TO U O ~ : ~ ~ ~ ~  
( FROM W. BlLTZ AND, H. MULLER, Z. ANORG. ALLGEM. 

. , 

CHEM., 163,' 266 ( 1927)) .  - 



ble. Finely dispersed U308, obtaZned by mitfng maw1 -late, was 
I 

f m d  by fsbeau (1922 2 to take try, oxygen at 3508!, e2ltPnghg f$s eohr 

with inr  twelve hours f'rom dark grey to omnge-brm, This was oanfiPP;ed 

. by BUtz md ?,killer (19278) who f m d  that the produe% aotwill$ had a 

, cmpositia close to W3+, Preparations a9 D30g ignited at 8 W C  were ;  on 

tlu other hand. " d k "  burnt and took ap no axygen, XWbd ead Ihwiikrn 

(W C h i c a g o  3) f d  thrt dmftod IY308 bB oomerhd to 110 bp h a t -  a 
5 W C  ?mdec'28 a b  cuqguul for o m  or smeml &am; the 00- &an@ 

'&?I Plhb -88 PlPdClbhdC t o  d ~ p  red, 

BPlfra and b6hler saw another i l lushition of tha rever8fbPlit~ of . 

in &hs mdetenc3e b nature of pUaw UO rra5mm1ea9 swh as gam5te or ruther- a .  
f d Q ~  whi& t* thought t t h d d  b f n h m t e 3  aa oarlda%dsa praducts of 

m n  ii the rorara%b.bafty of the ooawersioa. cb IlOg t o  U30S + O2 at tb 

cxJBen plassrwe debmined by Bilts and &!&.Xer actually were equillbrign 

deaompoaltfm pm~auma OF notB ~?~l imba awn, lgibta and hdklar were =%is- 

ffed Wt t h y  wem rt, Peas& not fes o f f  the eq.IPiTfbrlmi became tPLe heaa 

& xPdemdiMoa &rived Smm the p f s u o m  isothesmal~ agreed wen w i t h  

those det~mfged Qy direct naToPimtrie measupazeata (do BO1m go 72 ) 

Pig. 6 shoas no >?8@OII of constant pressure bta!mn 67 BPd 003 

a% tempens- above SWC, Thfs B'learly b d i a t e s  a mop~opkafo oyretgm, 

Wlow Rremsr~ [NP BmkeP3p 8 )  inbrpmted BXLta% .resul%s cia fiadf - 
aaaing the oxltence of a dlphasfc reglar extend- from W2 67 %a 

0 

and of a monopbsf@ xee@on with rapfdf$ anzgging p~osaure be'tween W) 2092 



and.aD3,Q0. Its suggested kbt at ths laser ~ t u p 8 s  the tfioordde wed 

bp ~ ~ l t a  and &or aas amrphcnm, its o q ~ ~ i t ~ o n  s o u  tm d- 

tb nay from 1IW &a u3O8 possible, 
3 

1,5 The R a w  abmc~ W3. Table 1 Mfeatca  %hat saoc oxygen. in excess 

oZ tbs eqoaifirm  an be t a k a  up by tmmPtaa i r i d d e ,  hue this up- 

became8 very lwm. T&, lJOx range above x = 3.00 Aa no% very well known. 

At tempt6  to obtala watsr-free uranium p~rox%cb~ m4, ]$am failsd, Bon- 

mr, l3mwn lhivar~ft~ obsemrrr (~h.mn 1) found that whm I30 02. 0 ma@ 4 h 
b a b d  %s 130% for? t w e n t y ~ f ~  hours and IS0 m s  about me half de@m- 

4 
posed to YX) an inareass in temlpgmtw ko ~ W C  ~ e d  to US of a n  water 

3p 





~, 

has bzwn rle~mSLb& (W Berkl@y 2.1 as p a y  and ki%th arrd hvbg a n e t a U ~  



/ 1 

caq~omd (Dkoq) op ths ldwm and of a ~a%imcrua eor2es of' sol%d BOIU= 



'(la) 0embQo Xh &dl$%icm t o  the systwi-tfe data by WSlbbmnd, 
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PIX; Cp in cal/(x~038 O ~ ) l j  F K  bp in cal/(mole OK) 
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T3e heal> ~apli~2ty cmve of DO2 k s  a paak be%wmrn 1.5°K a& 500% 

(sf, gig. "t') wiCh n msl-4 'valm ox 9 ur&!{i~clo QE) a 2 28.60~~ 3%~ 
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. . FIG.?. HEAT CAPACITY OF U02 . -  



Brewer (W b~IroJsy 1) cald&ied the additional entropy values shown 

fn Table 8, 

(g) mmd. Cm&.i.t&vho %f-10 m l w  s h m  in Table 9 were 

W2 302 a ad-mcmdwtm, Xta aocntdoc'uxvitg depends strong& un exact @a- 
/ 

posltiun, p a r f e  and degrw cf aggludemtian (app~emt densi'ky), The 

lowest c o x x l ~ t i ~ t i a d  wer9 ~bsemed by Friederich ard Sitt jg  (1%5), 

A 2  rmm fxm.peAmture .'ihay fond, uahp a lad made of' braan lQ2 sintered 



f0md with 
and a spea3fU.~ smdeeetICvfty a f  abm$ 3 x loP5 (0 &a)=' XB; n pod mado 

oS *dark blpn" Up2 (ef . ye. 33 f l  ) a b h r k d  h nitropa [also a% 

( b ~  b a g  6 ) ,  'a0 psu3.b .d, (Ibess euths2~ are eclles%ed' in Table 10? 

mweee of' the fad (by hga'l;:.ng .a W2 smp1s prewlomw i a p i b d  

in high m m  t o  ?r 500% h I 100 me 0*) ~ C P @ S ~ B  5 b  ~&t%if:tl~&ty 

,Pmm f z cy 3 x ~o'3&!.m)~'bofore the t~&rsle'b.ab& 

-3, . ' 102 x 3Cf4 ,n *, - afbx?,,, 

a d  gdgt tho a y p n  tm33~mm1t ~eavaa a a  feaetob~ &corn axpaen- 

tial pet%a3l2y malma~w41 %mt dewm,ses the *aeL%m%fcm @amgym by 

tho aBdSt3.a of wextztm m y e n  lufsaD2 fntc the B&.B,S of "h02e edwtoml  



8 =s,ug/fao (1) Prasssd and stntbrsd 19LY)QC-20WBGD 
(2) do. Q w B ~ $  TL3% gj'm - .  
'(3 1 " '  . 802Jg'@@3 I (4 1 tP 9S-l.7' &&@ 

l~ 



ism whf~B ~myomr:fly aesrrms Q B e g h o ~  9akcy  s b b ,  o,go, tb% sliP 
&= 
U 9, B eon.Yimed this J ~ p o t b s h  by m s , m w ~ n W  of the Blf. effect 

in tlD2 (the 5- a3 %hhis e.r2cat p r s n i t a  me ta G1mtt~ptah *bh can- 

d~~~ 19"- CCXCBS eleabm~n B ~ ~ U C ~ Q E B )  

~ h s  hypatbe,ls L ~ C  tbr, a3d~e M),~,~ (up t o  ) aiay be de- 

ifafgnt iw max~iean, rather a l s ~ ~  oop1t~9~3inCg e x t s  m e n s  dit3cwaad 

.RI p, ~ ' 3  fsoom thu put & V ~ O P  OP X - ~ Y  ~ b e ~ ~ ~ e i o s r a ~ ,  a il; vw p o h w  

mt ~t dekrstw \Arur do not p,erulj..t *he f o d * i o n  of m2 310 ao u ~ ~ ~ ~ o ~ ~  

However, iP,t may k., %hat a aia2L deficft Q%' m&?m exi9b (b&pend.-. 

&&y r f f  tb pxeaektce of exP1m wp)  and tiML a i b p  ajleficlt m y  bei ehe 

mix! scwe a? Zaawnsed ekotjp%z ~ondno.Givll%y, .Bs4aami esthatsd fwrta 

tho WW. uffeut tb% h i s  Wcngge?ia9&W 1% p~*up~~ticms oon@ioed about 

3 x ~ $ 3  ~diatwBaw.m centem". TlilB I- tbt w.Q about me in 105 

urm3m atam 3n%sa9ng, a mct%sn w h i c h  $XI not detectable by d m a l ~ ~  

mamremnef, 

M h l h  (1932) ~ v e ~ t @ t e d  42s icn mission af a. DO2 coated ~~~ 
w i r e ,  731s ion* ero2tted ineluded $ axd probblg elso UU'. The photo- 

oleotric er'dect of L?02 wrs hmestigatcd by PoahoCtfno (1932)~ 

(1) Mametio P P O ~ ~ Y S : ~ B B ~  The m p e t i c  &%a on UD2 e f ~ .  l b b d  

I n  Tabla 11, F Q ,  8 gtves recant ms~Lte by IWaU9a md Bafiken (B9&0), 

The X vcrow T cumre can be r~lpreoeated the C~rr i t~a i se  quatla 

X = 61 (T - 81, w i t h  O = -~?,WX (nwri~w t o  ~u&lrmith) a d  O = -180 

(aaaor&hg to &.ra&err and ~ H c s n ? ,  



.. TEMPERATURE O K  
. s 

FIG. 8..  MAGNETIC 'SUSCEPTIBILITY OF URANIUM DIOXIDE A N D  TRI - 
. . URANIUM OCTAOXIDE. ( FROM H. HARACDSEN' AND R. BAKKEN, 

, . NATUR~(ISSENSHAFTEN, 28, ,127 (1940)). 
r' 



Mew w.wr I 151 
E I I  I 2.4.6 

gconx** for 

ragnetit momexit of % 2 4.,4 BoLr. a~g;cta,w (calmabted by IBxaUsen and 

~fclskana) .while the va2:oto given by ~ r d d a  31i and 3a1.3~~11 bdieate; u ~lament 

of g :!,$2 impns%cas. Yhc l a t t . 9 ~  is rnry clam t o  the th001wtioal 

value Zol..pusv epiD mpesi;ino. of the ~ ( n )  ion (a4.' 208.3)u I f  w i l l  to 

n o w  -LboS Su~krmlth used  in hia co lca~t ion  of % COP Ode' aYy the mla9s 

. (3 a g e  The mlcr of ~ l ~ i  dl9o=r.de -1 ee fmm kwnn 
. - 

$0 block, A c d 1 a g  to htsr';l (I.=), - m e  crptaUins % b a 



no2 ~ k b h  & ~1:'Lght ~ b . \ n t  'bm f ~ a  b*a& u 3 o 8 D  90lld @dot%- 

" * %)@ of ~ 2 0 1 0 0 ~ 2 0 3 u s  o3'Gahd by t b  decqwiffm in m e a m  

cb UFe, EF. black. OOchsn(3~ da Coninck (1902, 1%) dasoribocl a 

%rf6:Ec-M" modUflatkm sS XI, ~b*s.hed by deca:,qoaAtion af W2Br2 
5 

( d o  P o  'mt 2-t fdl BO* qW!.t3 O B F ~ % ~  w e  ft W38 XlOf O hfa8P 

d d e  (aJj 7). Prinderia& nxl Sittzg (1925) abtclnsd s Ql*310ri disaide 

by heat- 0368 t o  UWC ~II o atrwrn of aieSagtm. From w h a t  hm aP 

fh de@anpe8ttica p2sSaUX9 of Y2X'VafUl.l mfd88 (pc ) a 2 8  ?~8pm&iOXl 

o~r$lOmbQ was no% V3200, but rnther UD * 5% ;nigh$ o b o  have con@fned 
~,Bs' 

nitroge:a, 

203 ?IgS. %t ma mm-&iornod an p ,  I3 that amos X-my aah  ia4imte 

ebs exi3hnos af  an oxide U200fi9 bu(i t h D ~  B i l t Z  fl t im#1~~~*1~ dab. obtBh& 

at l&?%, do not ~ c n f ~  I$, Pf a hac'3saeoru ~:hr?)o U2Q5 a c h n w  d w ~ +  

osziest at, row te~~pztsbeb,  iS cmfd represen% the &II@F I%mit of the eoUd 

aolutfmr~ range e&ndfr@ ra9.mrd t o  and b r a d  U20g, The d%?.fki%et8cm pt- 

tsrm of U20g (as ol*em& izi a ~mdwrti obtained br tspther 

ommanta of U3C8 and IB2)  %a, n o c c r w  t o  Amee 03uamer~ (W Amas 71, 

yimFlar to EC& i d n t i ~ s l .  wi&h that c&' U3ODq R CM be inte~pmted 

'by m a  of ~ i 8 1  o ~ ~ ~ ~ ~ ~ T ~ ~ Q  mek ~e.eA the pam~~.t;orti a = 6,724, b = 3,- 

cad e = 4.1% & (P,O&IE, -sir \e~.:aeirri%lcn 09 a g 2 ~ 5  e h g h  a ~ t a l  

[nedae, a b t a b d  acaidonbXly togeths- ~ 5 t h  wtahsdml c ) r y ~ W h  of 

V02030 by i3h-X deaor3positf.a cf I'02GL.- a$ W t l D C )  ~ h m b  thsti ehe above 

~ ~ m 3 i ~ n ~  refw %% a psew3a=mI%; 2n fht? ~ m p . b . t &  mit the pRrometsP 

ems% bs trebL08 md P b  g pmmsta~ doubled, Thbt i2iwwicsrs csf %he %m 

W205 urnit thnraf'orta are 

a = 6,W 2 i),,Q_Bl; b = P%,88 2 0.0% a.nd crt = g026 2 OOWc 



a m  ebf imm a. tn UOjD ((al%mgh two ptmitiom rmsZ bo left emptr st?,:e 

are ve& c l ~ s e j  60 the &bare-glvec db~nrricns 02 the p~milo~=m.mit of T7@30 

AMOP&Q .to knes m a  (w 2,3), the b-pa=-a%~ of ~~0~ BIB" 

b treb5.ed to obb& t b  ser;c.ao& Wt Giwmnias, @onseqwn%S~~., the: tmm 

ant% cell1 of ocmtahw fib a-3 uranim and ehhcol  atax3 a-1% end 

b.6 the d h m i a  C e t. O.,OU, b O o  6~ 9 &&. 0 0 O U a  - 

p~ cent, tab ail,um atm qm;Ptlma in fib 13 0 unit cell are [MI), 3 8 

(-&I) (CCO 3, (0 0) (0 -1i3 81, Th3 p l i p o ~ b l ~  mggm .psr9$.tf m a  eras 

four O x a m  in (OOO), [O 3./3 t) 3 

tsexve oll-awxw b loC.S), 3 (u.3 0 oIP (1/3 1/3 PI (1/3 213 X I S  

lY%t?l 3b a O c 1 7 3  







and 15003K, and a l e ~  gam o~t5ma%%c for the ~c~~~ ( F ~ = B ~ ) ~ ~  

(1) Sielaatmm-a, P$LcUex? trad Lahmm (1934) R m d  

C = &L,W for 0$)8 pabdep pm-peabd on@ how %o 2 W C  asld pressed ketw@m 

-0 ph%f!8 (u&,c@o @k), 

(.:) EIKl.~@&~Jil$pgEa~~~&3. W U!, O)w & d ~  avo8 LB a 
d 

s d + & u a b ~ ,  ZU~T~VQP, aeeordhg; Lo bE?U.no a r i  %;thsa (19361, 5% 

d%ffes~s f X ' ~ f T i  \m2 by %b W0'11'Pk~3EW 9E $dAl?%~%f'>Ft ~ h t ~ h  bd%Sbgt 

Q & U B % ~ ~ O  %a ~ 6 G . y  @I@c$IOX~%&: h 8 3 1 5 t W ~ o  Th38 @~n]pb%@4%f~n~ 

ar*ted &B %he Eat% %hab ihs U308 p ~ p a ~ z ! t i o m  ?mod by differemb ohsewem 





I ~an$~eppr&@~,. u3Q8 %ti? p-%h .. -a nU~SW- 

P B ~ @  of' I t s  mtgnetls s ~ ~ e ; ) t i b i i b ~ ~  gave tihe ~ P U ~  i3ated a7ab.I~ 19 

The ~ @ e m %  r e a d %  of fkmk7san ond W e n  (1%~) ~ ~ p e  shown in Pig, 8. 

Th2s t i . g~*e  shcm that .ehe param~pet%@ suseeptfbilltg 

(caxvecegd for d3enjrweim) POU(DBS %ha Cmio-%Ins l a w ,  X = 
T o @  



oZ pmem@~eti;3u)0 Pn 0 % ~  vior&s u+~' b b 2 a  in the magnctle f i e l d  I .  

. . I 

aewacl l-q C O B X ~ ~ % ~  @9a!) who noted ssil:mex3~m uO 2 8  and 3.4,@,, 

smPPleP@m$ a% 65 o l ~ ,  8as 0.30 for ~e s o l M  axid. a8 650% and 0.31 



*sfas ptwaU~ls  t : l ~ ~ e Q  ti.& of e bhok body, ~ I ~ ~ V ~ P ,  tho ksnulte 

aB PhlR?-$s (3928) Cadicate $%3a%' thu emPssiv2t~ of U308, e M l a r  -to ehs& 

205 g3* 

- (a) - Q ~ t a 1 3 1 a ~ ~ B a .  --- &%I1 ~a0ene1.y ?XIl3 [twmQy obta2n~d 

igr~f$ta~ ~a IXJ ow) Bao fcma~ t+o ?m worptvrsl (B~MW&XL~I~ a d  4 



-.-. ----- --- 
$ . a ~  

------. ----.-- -----..- 

"* 
1 

. . 

h 
1 % ~ .  

--- 
2<G5GT- a , 12 a 
5z>-5i&~ .B 36 1 + PI, 

5p3).;;,5&) 

53?&%0 

7001~4~~0 
----.--.-. 

30 

30 . u.2 f + gx 
. . 

T O ~ X g O  j 1,542 
-..-- - 

x 
fim W@WQ 
. chaw by 
Sgnf $ion t s p  

Pbaa  I x 
oa,$s.&,& &m 

ovgcm 
1q3P&@ 
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U3Q8 0 

BJ ~,ma-A" 

(a) D*)I8&*2cpa Qf m, Oq,. . 
4 





s$zur- w&3.e& can act a. ~ ~ d s t a n % x  [aeu~ldaby~: !~ ,  wb&r, rrbo31ol~ 
. . 







TEMPER-ATURE, O-C ; 

THERMAL DECOMPOSITION . OF U03*  XH20 AT A PARTIAL.. 
P R E S ~ U R E  'OF  15mm. OF WATER VAPOR. ( FROM G. H ~ ~ T T I G  

AND E. V. SCHROEDER, 2.  ANORG. ALLGEM. CHEM., 121, 251 ( 1922) ). . . 



si%y o b a r y e ~ ~  [SAM ~ o l m b i a  1,7) ~ ~ t e  foms n o n c i ~ b ~ c  ~mnga 

u~edles 5-194 . t?ifolc and ' 20=80dul long, v i 1 ; h  a dbtd.net . . x-ray pt*&m . . .  of' 

%b@b? C R f l l  o @ ~ c ~ ~ ~ s J ~ $ C ?  $1 %h8%~ ~ X I P ~ ~ & E ~ C Y  . fC32 ~ E S B ~  @ h B V E l ~ @  



fiamtfon m y  be d v ~  60 .bpm%tics ), Ubu% coaclZ%itm md~r which these 

t a b d  UX) OH 0. ag % w p a ~ . % n %  ~ ~ ~ B E G .  w i t h  poi.n%ed f a ~ e ~  bx @&ow23 of 
3 2 

-1 "amlea high hp3regab predsvre, Xehi3u Q.1900~19~1) @onwCS&d 



028 0. ACW- t~ Calmb& b i v o m i ~ ~  oiisemm coXmbSa a,?) !%--2== 
t h i s  W&W @@~~~S~-YOUW WdX'ak3 OCCTrSO &l %YO & ? & : ! f 3 . @ e b % h .  

Porn a, cbtahmlted d i y  aa arrbsllmmoopic cq;lbL n3.& a r;bple dif.-- 

tiogl pa%tern, m y  bg Pace-mntered tetsgcaaS., Y&ifica%ion p, a b a  

i e n m  ao far o n l  in $he ;hem a? s h i c m ~ c o p i c  a q m ~ l s ,  pxDxB2y &J 

~ o p h o b i o ,  RetmrhbQ~ aamrgh, ths dlffra~tl~~ pattern OiP 'che p fom 

of t h ~ ~  d ~ ~ l o  is fdentica2 nieh that of the ,L? Born of f i lr s EUZLO~QTFAY~~, 

tbp m3t ~ ~ 3 1  dimes~alm dWfer5n.g by 2~13s 0.5 pep c a t ,  n~ig may 

mom %But the B ~ J ~ U X U I  water molemile i. "a8012k:ioW aaecs. 

~8&@3l26X+1  OW&^=. mG20 25 d ~ ~ i k : ~  ~ a l ~ e ~  fop L?Q b y r i r s t ~ ~ ,  a 
asha a o c d b g  b KbshenMeaa (SAll Cohxibia 3). 



abnR 810 4.. %% ftme hxdbi: sar, s-ong, tho %bipd and tha fa- 

bwea13ngBgv w&. 'ffis f l a o ~ ~ c e e m  of DDj l@rdtra m1*1 km d%aw.qed in 

(a) -*~@qdm%ie of W) B& &&~a%ioa LO IS^ ah- in : 
3" 





w~arar, FOFQP& (19~) .w s t ~ b d  eke XOSW H o 2 

skwl,y m@f Ei SO &% b&om 4 x @ p 3 $ n ~ % 8 ~  PDi q 2 d l y  d@hgdra%etl %3 W 3 0 v  
2 k 

h a B%X=EWB c& dry afb' G% 8 P G  born $ti &m.% 13F'C; b h a a  ( 2 9 2 )  .- 

yor :A& &bat W)g~2%&p Ls ~ a w - d  b YB 0Ps O bp b o i a  in =tar. 3 2 

& t % l p g  YB3-2B$ above BODC rmrn% Lead, a a o o ~ d h g  %o Fig.  9; . . 



the tr%cl*aio form. TD ths W%W p p r  w a & i ~ "  rcdm6~- 12D3 sss sCaLad , 

Q O  tw rnamertoti bb ~maic ~ ~ ~ ~ 0 4 0  -08- t o  siturated m t e ~  VELPOFP 

aJL0I$O by bbea%%q ia as- to IWC Pap a m  hvrdred and s ~ c l ~ ~ t % a m  horns, 

MI wbl as by bating t3m a t o w  of W3v2ii2O in water to 100S: far cne 

bat* I n  %%as e a l e d  .~;u?MB %o f x i q m ~ ~ 9 e ~ b l  f l w s :  60% %Q 325%. 

?D3oH2O w%ao do not taka atwe 820 a i t e ~  a &GXz fn water a% 28% 

(alfhough m j - 9 0  is tke stable bydrab ~ e 1 ?  'water up to 6 0 0 ~ ) .  811 

aad the ePialinicl 40s. a% 3000C-3PO)Co r o g o % O  Xoeos 85 per a& of its 

* water in tbi~ea hana a% &.QQ9~ and 2 95 ow& in one him at 45PC0 

The f'oUo$;~ing sarlie~ ob~crrroeioas om also bo quoted henw: 1Q30H.$ 

lgsea no W B ~ P  iX1 vamm or cby air a& 1W.C (Aloy, PWb, 1,WBe); loses 



- to. $$Oo4cb;WC Am a d  to pu~e -e 0 . br beating % 0 7 O P C  (SAI Ce2ua- 3 8 



I .  

Washed @%&h lsatQrt a1etohOB and at21e~: W3 oqa2.U, H20 



TEMPERATURE, OC 

FIG. 10. THERMAL DECOMPOSITION OF UO4*,XH2O AT A PA'RTIAIL 
PRESSURE OF 15rnm. OF WATER VAPOR. ( FROA 0; HUTT';IG AND 

. ... E. v. SCHROEDER, 2. ANORG. ALLGEM. CHEM., , 247 ( 1 9 2 2 ) ) .  



vsascp UteqmatA t &;tie as an aaai.ti~a eqcnmii  t~ B202. %o 

0 ~3-&~1~ ,  ) &wweB1' sham a% one ha&? 'of & per- 
"a 803' m.3°% , 

. . gypb $he de %ion 1.9 O%O. (dskcribed i ~ .  -elen 3,3 (d ) 1, . . , 

‘&%P~ t%m.W %be cnd&a6~ 0f FAEU aide Rl , $  a& ' 3.&82s~mft@d ths 

*Ti kegrn G:a:Loose addiCBan cqoewds, of' 8ad B20. Hfalev@r, 

', 
&Bfa hmm%ISb~~ dm@, not f-& nsoe~sarily f'~a. 'hla obtie~m%@as. 



~dna%ton  %ti reqi~ s l o w  up %a 3.25% (whar~ aad O2 begin %a secap 

~ M t i t y w o a t s t ) .  M 6@%-?3'%, UQlbom28 csxn be &id for thirtasnr 

ehs p@pOXPf@ p p a ~ e d  . bp . @?amP ~ e % h d ~  whi& had %ha oo@pmi%io~ 
. . 

Epae $yo 0 P ~ S ~ S ~ ~ V I @  (1m) 1gg11~6d m.@ hafs  

& rm&ion sf ID 0.28 0 (dried a% X W C )  and of UO30B2O [mp%& c& p p -  - &  2 
aa3%4a rsDe &.van) aieh 2 1 A2S04. T b  fm% s=@%on m$ asstmid t o  

gsfwe 16Eate and H202, %be s e e d  one,vr~np'P s d i a b  and f$.OJSO, - 
IJB- h a m  he% of oxidatkm of %O %o liZo2, 'Piasa~jew~w wSI,e&bd 

. - 1 04 ~saas%%y ~f 5 0 2 ~ ~ 0 .  
1 

(Du@on% ~P&P&, 79 per eonti UOL;, B1 per @en% V2O, &Cl p r  e@n% DO 3 ) m a  , . 



by addlag an equal vdma of30 per ma% b a l.4 pair Bent 

aolu%isra of a m a a 3 . a ~ ~  mt~ny1 am-iU$s a% P Q ~ Z ~  tmprgria%we and M%hg t2.m 

1aerv1~ a ~ ~ p a i % i m  ID 6 -a eo b smm&ea %Q YIR) 02K 8 bg dr@ig fa 
& 2 4 2 

a i r  at 1W, a in vacmm cmr P20g cat. mcm tonpomtruto. Bwzwr, 

...................... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . .  . . . . . . . . .  t : :  :I :: :: t.. .: :.. : : .:.......... I - 



ahgne~sm) = XU r 2 0 ~ ~  [mu v a ~ u s ~  mrsa far nB+ and o°F mapet~ve~,y 
4 ie a g p w g  tlr. comot%on POP d-@eta.m wem oU.25 9 10 &ad 

' a o  rrao".) m p-m~t* is fradepe-e OP bnxpsp8e~8, 

mtieaE &omrb$ss. CD o a q  l a  f'ab&3p ~laUa in eabor, Hfi oontraat $0 & 
W) o a g  . %e doaa not f %~u~omsce o i t h o ~  at ma tempar~tur~ or at the b m p ~ "  

3 
a$arre of l&@d nitrogen (W DoBmb.fa 1,8). 

4 .  

omegub%ed aP%r ~tantlhg 8leIboa% &aJ~aa%pfw bnna. It. otabili6y o d d  

iiald end By fhsk ~oagulstSolr by miom, behydml e a b b  up 



. mob 2 .  per i . i ~ r .  A sh%& hydrc~d ma abo ~u p-a I J ~  



1 

@I 
. . 

Aqwous awpsimiem of variow 

tsr~srotrsa OX~CI~G b ~ e  bean ~ t ~ 3 i 8 d  8% C ~ b m B b  &h~aEBi%yr , Tabb 25 &, 

ebe ~ummqr reg& of tMs hbomtbq (SABI C o l B l e b  I), W shows : 

. F & ~  rn : 

~~m -ixX&Eim Dmm XiV FLUID 9XDE SLWbXi?m . . 9 

W d a  

- 
OD* 

330. . 

9 8  
lIi030$aiy 
mp$ .%Z?%.Q~&@ 

I 

' ' W - B O ~ ~ F * ~ .  3 -2 . *  

m4:wi%b . .  2&.EZ20 

g3bth-s ~ t U i o m  a b m  l a )  g U/GB. 
. . 

g .v/@G 

305 

2 . 

' 2 3  

. '200 
109 

.a- 
' ___--- 

,406 

s*6 . ,700' 

5 ,  , 4.5 200-325 
. . 

3 31' 
. . 

5 06 
, . 

300 

,O,M-z 
. . 

:X,U:. . 4.9.. 
.-.- 





data w m  QbtBbeii by Obiw%e%? (193.2) f o r  tho ~mkmtion of ~ ~ ~ l l l m ' a i a d  W2 
. . . . 

t o  U O  and fer the fo-O%m of bodim (IYa IB) ), fk=,m lXiFaxliiram, 
3 8 2 &. 

m2i02a ,'u308, h n ~a ~caagn p ~ ~ ~ s r ; % a ~  (BBB po D ) . T B ~  k ~ e a  & i~~ma-' 
3 

fhkta'& 'W2 aod U o ~ d d  therefarn bs oa~cd,~&ed ei%hsp from ~olabwt2on . 
3 8  . . . . 

~ 2 %  CXQ@QBB CP fFOEl the X ' B B % ~ O ~ ,  ~$.f&h m2O2* w h - 3  a? b& O f  ~ o P P F ~ % ~ o ~ ! ~  

t~ u o onti BU$ BLO +a e m  r~ a n  i tm ~ x ~ i i e s  of iotarnhc~bta am- 
, 3 8  

p O ~ f & 8 ~ ,  aad %he %0691 h8~b% of' @Q@p%i%fi~n W- bs~@ b 0b%3b@d by . , L 





1 

-AH s 39.5 k q l l g  n%m ox,ygm %m t b  hm% of emvaraiopt W2 %o i 

0 . I 

%,u ~~ f~~ 2s 0 k ~ 8  &B ~ ~ B F ~ ~  BBLPW fa?? %he ~ ~ H ~ v @ F o P o ~  d ! 
. . I 

'@12 %o ', PP 0 ~8 ' ~ab3.~1 26 (2529 kc&l/g e%cm vma%&, : on. 37,5==&3 "5  k&Jg 3 8  ; . . j 
' a%m 1 











+ 0,32 r lo4 3 + 413~3 z P$ TO' - "7g3?) 3' fi %.- 

lead* &o m$.amg b W $ e d  fn Tabla 32, 

by e&@$%%l2%%@ 8 ~0~1 '60%8d  V E ~ W  fCiT h%~% &' f ~ m f i ~  @f m%. 
4 

-%k w2ml.a%iom 0.f Bi l t z  and Fem35.w' (a$', ~ a b b  33),. ' T h y  









,one c c ~ d  expee% b o b  II 0 and Y10 %0 b aaaSQ~ oensarr&%tle be 1K) 
3 €3 3 2 . '  

cz~~gp~11  ewe^ the ,axid& has beera m&cCsd CRPD b l o w  eBD% in %c;a . 

%a Fig.  ' 2 Fn tk@ eme+m% p s a = ~ "  g % q p  9 ,  DDq 30 Vil . %ka,  dam^@^%^ 
d-062 ' 2,730 



The &-Q~QT@&%%~QA 02 W= b d @ ~ ~ E i i b d  IRQW d@&ail in' 
3 



. . .-. $0 918, U ,. . mi?! lam3,fw rri@*&LI a n  

UberaC bCpdg.ogpn from nabr iom3n.g W2. ~I~&o&:Q)D ie able *la r e w e  %b 

br ~&lu&in lanP~emA4by (SB CcLmb@ P), g i m  By sqw%to~s  (33) em3 

934.1 8 



Re$Bbd %o o m  g a W  mniua,  the FRee merw of reduction t~ 

W, by ~ Q L W ~  at F0om hmpemtuipa %a 25,5 kcal for lR13 and 15.3 h a 1  

used at Golmbia elso sPm %he a % e u b ~ i o n  of free, cne~gy of form- 

of %ha free energy of ~edul@%ion of U 0 by hy&o,m, 3 Q 
Prepamtion & % by redwliicm of ths N@er mtLdes w i t h  Qdmg~n ' 

was f e s t  dgecribed A P ~ V B ~ ~ Q Z I  f3'22aSEB24.), LXZXIU (18%)~ ~ ~ i m  a d  

1i39&.A& Via8 ~18~3d &log ( 3 . 9 ~ ) ~  ~ C ~ ~ I : Q S  de C o n b ~ k  (I=), S8Urbsfw 

Rna %em*% (1922 bbsaru (1922). OoEbohidt and Thors~ssen (l923b). 

wp2iUy and ampho%aQ mduwd by &dr-oga to brown Dl$e0 a& 9000C-%0m5C 
. . 

al@wk, &Ira f~-.nl:ic~ $71 fantepcpgdd- (C1Pdes P)iBt% and ldh.3~~ ( E r n )  
aBso hsv. prrrlamd s%~lahi-trica- pure d%aqi.de by mdpie%lcm o f  Vpg 

%P 4 as 90PC-9bWP@g they obbained fn thf a m y  a b ~ m m  d f d d e  fxwu 

green D 0 and a bnrksr, pmpUlr-brccn dl~xLds firan bb&, s b ~ ) 6 I @ b  
3 8 .  

l@i%ad D 3 g  (both p~.&w$58 mwed as W2 ,O)u JoU.b$a snd B o e ~ u %  

(1922) asserted %ha% a tempsruture of &5°C45~b0C 18 tiuf'ffaien'b far 

o&~pae% Z " O ~ Q O ; *  of v3o8 -roge;n if p205 i~ win lo th. 

water ~ p ~ i ' o  



gmssum of tho' avid@ bb~oms negI.igPblo, whirh, aaoording to p. $2 

OGQU& u h n  tho aqwn aoneewt is ~edgteed t o  abo~~w ~0~ pSo 
0 

dbeet3,y wB%& the eol3d aside, Bvcsn if it prom8 $bf (a$ &PC) 

&b ~~dua%fori  03 U 0 Y P A % ~  i-gjdrogen stops a& lB2 15, ;n?s ~111 ba f m k i n ~ d .  
3 8 0 

%o a't%r%buta %h9a %o a h%@ eaetSwa.%fm e n e ~ a  of Kha dAr@o% ~waotion 

m2 02,14 
 fa b~&~og~n,  w L U  %he t k w ~ ~ E  d@eomp3ga%%%n of' fJ 0 stape a% 3 8 

wxi~ omp~a.%%%lm bmwa af  %he Mgh of reao%Bon even a% 
-I-PBD 

$iayemtwe@ am hi,@ m . 1 3 W G o  ~ ~ b ~ t p e n %  og fjsl%%fsh au%ors 





tww om %hq P & t U  mta 0.2 ~ d w t % o n  WB~BO &GO m kgytk~gen pxwziismno 

Ealm ab& 55PC the .some%ion aebtva%fr.n m m ~ g y  of abmt 

36,7 k a a 9 m ~ a ;  a b v a  thia kqiwa%w@ b~maae almas$ Rr~d@pnA~m% 1 
Of' '~~~~IQ@PQ~&AZ.I% &'ld W a  d~m&;~a163~ $U@l%b &Wl'@ 9wGo 

I 

The bil@ a$imQim ~ z o g y  amo& ~ 0 ~ ~ 1 p ~ t ~ a  mb 02 ad- 



. . -  . . .-: 4. , . ; 8 

. . , I '  : . .  1 .  I EFFECT O F  HYDROGEN PRESSURE . O N  . ,  ' U308 REDU~T ION.  . I 

I ' i' 
. . . . . . 

. . 







'+ ' 0x19 11~mdEeod ant9 fff%y hams 1, The effelete of $ ~ ~ p ~ ~ x t n * e  anad pFesauxw 

11 hydrom at ~bi~pera%mew m. lorn as Q S F C  if P10) i s  w e d  a~ in3.%3.a3. ~ % Q P % -  1 .  . . 
crP in&bad of iJ3%. %%fa osum %a indi%ea%3 *&at. %ha reduaelan of f3 %@ . 

'4, . . 
g - 
\ : DO? p m ~ e d ~  ~f ? h ~ ~ t  I&@ . t n i a ~ r ~ ~ d b b  f & t i ~ ~  ~1 

(I 3 . 8  . 
U O ( ~ h i ~ h  i~ l l ~ R  

~, ' \ ,  k o  e a ~ y  b. \ ~ ~ i ~ o ~ ~ . s t e n ~ ~  sin&, according BQ p. g~ , 'a@ u!J~(x)  betie@ h 
,\ ' . 



. ' .  - - aonfffmd by many ~ b w m m ~ i ;  kt, C Q D ~ U Z B ~ ~ B  ~liai~~r~itg (&IN co4.mbia 2) 

,. w&nf.~rn diim&de was prepa~ed by ~"9duatfm OB ID,. by oxy@n-fP~e hydroge!&n 
3 

b reduced t o  brawn W2 hn a sEeq. o f  hydroog~n &% 815'% (1SOOol? ) j 2% 

'm, .a. 0 1 % ~  2 5 6 ~  i ~ w  %a 13a %G%~w&; it aaa3.d @a rcdu~nd by hycko- 
q 2 

' ab~sc 30PC asd gave "a~%ia/@~ (~~GJ~~oPIQ) TRp. Oa th& s%~la. hand, , 



~QQ~ETZ~~B, ml~B20 by B , ~ & o ~ F N .  wa. fur%he~ s%udied in steel ~OB?J,E wish 

pp?dw. ~n&+. Tha redue%EBn ;nas very alas, s.g, vlc; 3bODC, .~r&y 



%mt no red~xathm of' the h t t o ~ ?  t80k ph@e at, al?-., Ons differewc;9 bo- 
I 

Caeon this and tYu, W oB20 oapurbau3n-b~ whid~.. mtgbt bavo affectad the 
3 

re~alltu ams @ha praaswae of platfam and QOP~QP amTaom in the appwataa 



. . 
=O;,-~~+~OS y w  m i e w  d:txida waa f b ~ t  prepred 3 - the 

Becording to slog (1901) w2 is $ m e 8  in the elac%pie f u r ~ a J a  . 

%m Ufl l  (OT IID ) and u r ~ b a  V the hnipmtmc 2. not high emugh fop 
\ 3 



(1895) g>Bh3.~tivd EA ~pssddbh-b~om umafm~ axidr~ c ~ n t ~ ~ h i n g  no &bogen or 

ceh%orbo by faeathg W 0 $0 whf%~ ha%- for six b.c,me w%th a h r g ~  excess 
3 8 

aehiewed 8% %hsse ~tewem$w@rs by &tram% '~IA~PIx@.B ~ @ o B : ~ ~ o I ~ % % . Q D ) ~  'P;bm@ 

&5@C mbtfoa  %s 'IPD 6 3 ~ 3 % ~  h and ba3m@8 acaip5r 3 b  (%ox-@ ~o;iopx@b   PA 
- 

2 



A.5 C-blp~i~n 0f m, and uD %O I7 0' 
3 7 %  

D B L i  
@%ltz and ERrllsr, 197 ; P m d t i & u ,  however, . U308 0 s i  abbined in a 

1 '  s ~ r p B a ~ ~ ~ ~ C w ~ c a ~  nme or hs8 pmOe atiab by PgnItS~n of both lower md 

hiaer mm~m w ~ e s  in air, (BIO rt~us.~. me&hod of pvim8letx*io ~C&TP- 

miraaf~ion of minim os U308 i a  hoed OD %his face, 1 !this p m ~ t i c a l  

sbbf  2 B t ~  of U 0 &i dm tm %LIQ diff&xmis bstvreen the rattea 09. mf da$iou 
3 8 

. . 
of the 'jlemje~p miin5um o%ef$ee to 73 0 . and @P D 6 b W . The $&e$ proaasos 

3 8  3 8 3 O  . . 

@CBWS ~BBAI~' dV8Kit I% E ~ % ~ o F  a.0~ $e!Bp@~8,m&3 ~ h Q 8  fhe B ~ B B Q D ~  0aat.s g P 8 . q  

s ~ w ;  o e c m ~ t y :  to p. 18 u 6 l o  no% ~ d a f s e d  %a a& a% ~cm 
3 .8 r' 

%B ' -: at 00 . %he % ~ Q F I & O @ V J ~ B B % ~ ~  d d 6 D  ( < 650D~ ) o ' 

3 
@he he~emmpl%%ion tempemtw@ of U O (abrma '932% ia a h )  bas beon exe 

3 8 
e~stieil tihi process of ignI%ion, m i m i n g  cmgm i i r  likely ta b. 

reamered d@hg o ~ b l ~ ~ , g  (ux&ast3o l a % t u ~  is vesy rapid, cP, Zinnaemm, 



300% anri 48 k & u m ~ b  a& 10000K, ail. p, 56 ) io con~id~wb3.y Lase asp- 1 

(sBW CohmWfg 4 )  fomd no efface water .vapor an UO2 8% 31W9, Sab%ie% I 
@xfidesl, IV20 d5d JIIO%, a t b c k  bracmm (pntpmd by V9 r&dlaotLm wEflh by- 

. - 2 3 
dzwgaia at, red 'ilea%) BU% ?iaeted s ~ c i a ~ r  wi'tih ~ a o k  I% 2 pre@~ec~ a% I O W ~  



'U205" Ejg macted wit41 both bpaw ood black DO2 in the cold w9%h strong 
2 

dgasptbd. %n ae8$%m Ao5 (a)., U 0 @an &)$3 obhhBd. b,gr the-.a deeoppos%= 3 8 

ebbi l f c ;~ ,  &amd&ig 4a PPfod and Bvidficm $W Chicago 3) %he rdtsp d 

m.d &~e~.nere o b t a b t i  a$ the IOWW tasperatmzws with m o q o ~ ~ ~ ~  
. . 

fumed QY tkmal daaoaposiefon af WAnaq. A% the hlgher t a q - ~ ~ u n t u s ~ s  
3 

%hy p r ~ e ~ b u  r3a3a1t w i t h  A t ,  hem,goml faPm U03(I). Osaham d i  Conbck 
. 



ya.oPlua form UD,(IIL), shl~h can Is oBtained by pmlongad heating 0% Wq 
2' - 

, OF, II 0 amdw b ~ g h  oxygen p ~ s a ~ w ,  e d  XB a h o  famed by Zgnitia of 3 8 
-1 nit,mte (%&dlBwakd%Qa oAdefl), .b W i l l  mom seslb'l.8, 'Entier 

. . . . 

an8 d@h~ra$;Pcm b e h a d  in a s ~ i l a r  way. I t b e p  to dsconrposa Fn air 

. a% 47'0% and tt? more or &sa a&plebls; rsdwsd t o  U30g at 6 0 0 0 ~ ~  

since, aaeordf=tq Co Za:eeWbscn, UO :2 [I) b tnxnniemed in%o U3Q8 viehod& 

. =%&a@ fow%,im of a n m  , phase b 
. . 

b b m  (19622) hroo b e n  d d c n g  w.%% o w  of' 3ho mo~@ s ~ b B 8  

~ O W ~ W ~ ~ O E B  of the &rta~%ii* he oboerow? that DO a a-t, not s-e 

a% b t~ @WC, lib*io ~ W O  M Q  m 5 1 .  oamplc wrs conva~~bd M a  

gresn or gmen-g%aok in%ew,adie%~~ ox%@ss end BLQ a2 800% in%@ 

gimy=blssak T3 Q S$!JJK!.~B"~, Tammnnn and Rosen;rc,k.B (1%) obsemed t&a%' 
3 F3: 

TKI  hap^ Po da?@dpsea fn air nn&y nt.670aC ui%~'Cbe :~opaa&ion of: b ~ . ~  
3 

~ieulfntD b~*mn B d d e s  and imss'eam@etet ?onvg,c%nd %@ b%a& U408 fipse a@, 



~ .etrmm of rrajga vma passei over" it. .~FI th is  aonneetiag. one quote 

the olsemat3.0n . cf' Fried a~i! Ge:rldscm (EIP C L ~ C & ~ O  3)  Ghat br i~k=~ .$d  9 

87 per os;ih ~hanged b t o  yeellow Ii3 (1x1) (lDha ?:esh b a h g  ngem &Jlg), 3 
Rae Zom%%fou of ax$.dss W&eraed%atc brbaan W3 =runt3 7J 0 by h&bg 

3 8 
ta ~ O W C - ~ ~ W C  mg ob~te&ed a&so by H ~ f ~ s d  m d  DavŜ &sla (W Chl~ago 3 )  who 

ob&slnod El2 and W 'by. h~atimg emofpphem under B aW oxygen 
2 082 3 

I 'bub w~qtLba2 0 x 1 ~  l~varl&id and t~~a .s%,y==t~ea  hours fop Q O ~ P P ~ F ~ ~ ~ O ~ L  %O El 2,88," 

*J&' 8 kas3 bafA wgen ~ n , d  p b e ~  above and was pdwlQ 2 2 



n, mi OW, it UCWEM %&I% the *m~tab.l~w f ~ r m  09 U O ? ~  9 t~,e;,. BOIQF~BQW 

tremfhqu, h3g22 ~ O C ~ ~ O E I ~  in ~ P C ~ O D C  IN ~ Q F  con- 

@~edci~s8&y ~ t e 4 1 s  uranAa! m%d@ Bn alp a% terniQexa%mlea ap $0 elm% 

&$~D&X%% (i;spog&%ngan %ha alle~rnp!i{~ :?opi~). Eetxmm tglere. sad abrmt 
. . 



I .  mygem rua:3 s%vilisd Ln water BLWPLBD undw hi@ oxygen pressure, S t a b -  

----.---_.-I__- ----- -------.---- - -----.--. -------- ------ --- 
r u ~ . % ~ ~ ~ l  P ~ B R ~ P ~  (pef I per C B ~ A ~  II(IB) a ~ f p ~ ( ~ i ~ s d  to D(VT) fa t.ac horn~ - ------- - .---- ----- - , 

I . ---.-- -- -..- -.--- - 
._.--.-d--_Y_. -*-- ., ----.-- 

$0 a 
tk4 - f 

I .  
pus *en% B(IP) mbdf~:ed $0 D(WI) in (his Exom 

-,-".---... L--. -------.---- 

lJl!l 7-5 



~mver%r.d $Q 32 k~ ths~ &x &cat@ by oqygen w.de~ high IpxPeea'me , 3 . zi& [.;el 



UIl&) tn ~ ~ 6 a t i : I ~ x .  EB ?XI2 to by I@rogm p a ~ ~ d 6 h .  13202-a01UL%~ a 
m : ~  -prraa:c?ba as ?-5g9C t s a d ~ ~  preamw thm~*& the d d 6  03Ef6ceiod on a 

~4dthtdcim 'U3, wit2mc.t prsvsntbg it, and EuBadZy roducsd iA@ PO- 

;FI~IZ%B~ uf tm~?a:?.m p1m.4fi3cb ~'CIWX?~ Xn the pmsjenett &' ?+ par writ PbQ, 

i't~ -PZ~:~ Pusn W n  095 YP V Q 4 0 ~ ~  W=G f-do E~@VL%~OE% 

PirmariYa aP P1X?2"381 md PM had a ~ ~ m l m t s l y  tho 6aae b&ib%t2ng 

effao"~, EF:) a f 3 ° ~ ~ t  tm ekra d e m p s i t l o l l  c.f W,Q b,y W2 obclzred I 2  

b a t ~ o ~ n  187 5 ,& mil 0,& Fla affect of P2d2 ucanaztLelon an tlls =%a of 

a:irfa%im. & m2 lam notieori u% r w c  with mc8~1.?& agitaitiaa, 

tTxd.cnl;2m1 d U308 rn;pm~%olia la =tar by I?& also am stnd3ad a% .' 
SaXpi~ib?t+i Yliltao~etJi fzy ( 2 % ~  CsZuaBia I t ) ,  g ~ a & f i w  w~*i.sa of expar%- 

ic4m-W W ~ O  iPbt3 ~ L G  P W C  wtth rndamtxa agltatlm. Vu,xi- DqD8 propam- 
& 





EbBthCtd O f  ~ m p ~ & i a  of ID and of' OW~. Imp WJ%SIU!B d d 8 & 1  VB8L3 WFmgU5. 
3 

after sewmY. hc-,. &%tig and,r, S&~mdep (1422) fouand, on t b  other 



n l t w ~ e u  strean,, or to 8 0 0 ~ ~  in afr ,  .%hay obtal.ne8 U308. 

Aeoo~ding l;a Che ram? laboratow (SAM Golrm*la 7,11) 

sclld TJ0402E$ bagins t o  lose oxygen (under 1 atm partfal 
0 

pressure cf oxygen) a l i t t l e  below 1 0 0 ~ ~ ~  The doaomposi't2~n 

1s eonaplcte 3.73 three hours st 200~0 and is 75 per cent oom- 

plats  in thb.s%con holsrn e f  i43'c0 ' The tempom"buce dapanZ~ncc 

11% Calunbla in ~zl &qu@oua sl~fpggr iX1 ~ e a l e d  2yrsx glass. tube, 

At 2 0 0 ~ ~  2 per cant was decohpoaed after tv~enty-eight hours, 

4.0 per cent after four hvndrad and efgbt hours, 50 per seat 

after four huGreb enQ eighty hours. At 185'~ 70 per aer& 

was decomposed a f ' i ; ~ ~  one-half how, 99 per asnt in one Paow, 

The act%vaLie,n evergy Bs 32 k 5 koal/mole; ao decision as t o  

%lie order of raac%%on soul& be mde, 

The i%ecomposif%on appears to be irreverslb3le wndes t b  
we% 

eon&f ti on8 /ktI those exprW3nt s : t b  f h a 1  oxygen presswe . in . 

k t  Bsom :Jniversity ( B r m  P,3) it was observed $ha% a 

asnpfex desonposft2on involving loss of oxygen and water ocours 



in the regf on ~ 2 5 ~ ~ - 1 7 5 ~ ~ ~  A t  ' ~ S O O C - ~ O O ~ C  complete conver- 

sion to UO takas place, A 6  ~ 2 5 ~ ~ - 1 3 0 ~ ~  after. twenty-f our 

hours an intemdfa%e oxlde ts obtained wliich om b@ ocmplstel.y 
. . 

dehydrated .to UOWaos (sfo PO. 39 l a  
Aesordlng t o  PaQef Brow data (Bso~n 5) t2snplete oonver- 

sion of UOCOaq - ~ ; & U O ~  can be. aohfeved 3.i air three hours at 

2 5 0 ~ ~ - 3 5 0 ~ ~  ; above- 400% ,U308 is slopply Pornad ( aocordbg %o . 

p. 98 ; UOg Ps stable in air up to abowk 400% ). In va'aouum . 

water is lost a t  50~~-100'~ until UQ402Ti20 'remains; above 125% 

both vmtes a d  oxygen ax-@ Isst a% a measu~xitle  ate, a 8  anhyo 

drous trioxide is, P o r n &  just  above 3 ~ 5 % ~  

UOg was pmclp9latod from U O ~ [ W O ~ )  2, rmshed by decan.tatian, 

i 8 l t e r s d  %bough a B u ~ h e z  fmmeb, the a&s dried,  powdered and 

decomposed at 2 0 0 ~ ~  uatf~ most wotsr .%as ariven o i l ,  the ' . 

tempie~ature was 'raised to 525% fop. one-%w~ hours. 

~&corcIing t o  bhege crbserv%tlons,"~0~.aq can be ccnpletely 
' 

' 

decomposed ta do3 In owQ@a n three hours st . 2 5 0 ° ~ - 3 0 0 0 ~ ;  in 

vcoraum,anhy&~~u~l UO cen be obtained jns% above 8 2 5 ' ~ ;  
3 

with 8 aouiposition close Go UOgo5 ivas 0b2a'fgledl 8% Brown .JW~VOT- . . 

s l t y  ( Brows 1,3,5) by first doeomposfng IJ0402H,0 a t  1~5~~-130'~ 
w 

for tmtY-f0l?& ~ O W S  ( I E D , ~ ~  1 UO W 8 S  Elb~lit c~Q-~BI~' db00mp0863d 
4 

to U03]'and then raising the ~ s m ~ e ~ a ~ u r ~  t o  325'~. The prodtiat 

liberates oxygen on oontsct with wo.tas o r  acld,s ( of. p .IS ) . 





. 2 --&---= @onaars.eio~~ of U(XI?) Ccm~mG,s "60 TJO and PJ O 
.LiuIupII" - ~ ~ - Q  ,3--=3* O 



I (B r f l t i s l z  l] x-ray d%ff:sae%ioa 2Lnea of il!~' W Q ~ ~ B  o2taemsfi aa 

("1Xi.i Aries It ro;~eta wScCh 1Pquid ?v . s t~ ; r~ ,  . a ~ r n ~ t i r . ? m ~  a:.cploa%vtsl~r, 
e 

as w e l l  ns w.PZI1 nraier .P~POT.  %.m%ng UO O X A ~  !~,y-d.z~g~)n~ 2 

Company (CEI-fl'EC 6 )  on& ak 'J~ovm Ur.fwrsf%y [(~ro%;r$). Foz' the3 
I 

Bescr%.ptiori of these x ~ L h o d s ,  so@ Cha.pti~.i:!: 5.2 { ' ~ ~ T E ~ R ~ . ~ I x . K . ,  3'1uowpldes 1, 

V&on U" s h l o r l b s  or rluuhX@ s.oE;fijea l $ u ~ h  Ra Pia WCX. ups, 
2 Ij 

hegted ?m ?$a% cr vapor, $ b y  are hyd:s:alyza$l iv:HfJF;G %Bat3 f~o9j.m~f;f oa of 



Ek~>:c?n (:.t?&? 1 a ~ d  H ~ s E . ~  (: $61) eb&almd UP, Fry 3~t:ltwt.fnq ;.xani- 
2 .  YLPIIW*I> 

mu (D) rsddnb.~, tJ(30, ), , 'j_? e id";xBam of' k.~dr.?s~,c a ,a& a b t a  b$ ;1P&:t7iiqg 
-I-,.."--.. I - W I  a >  C 

%34~ ( 5 ~ 4 ~  3 ,;aq W ~ L P  EQ ;EOCPG ;v,+.d,B :v! a-1:; 1:aa rttal- t k e  pvo&rz:t w:t!;bi m;u.l;.,, *. 5 

er b~ OIS~L\ ;t r8L.3~1 :I 31, , arrnbf rfi t ef it,'? 1 b r  P ? r i J ' 2 1 3 ~ j r ~ g d % L ! ~ . 1  a? 2.1 .a 
3 . 

bUbt.(;oa, o .G;.. 



1909). The 8- author f d  that (blaok or broaniah red) a n  a b o  

A ~ e a S c m  (laa2b, &bod UD2 by ignlthg 2XCl  o U D ~ C ~  In dry 

~g~ md lmshbg KC1 w i t h  waBar, 

'F=~e-'of WWI. f luo%~a,  mar2, et+ POWC in r marg reactor 

wae deemdbed by tha %nnsgsers E u B P ; ~ ~ ~  Cmpx?y (cEV-~X 6 ) ,  

Milb~ater (1%) c~nve~Ced wxgl 11u2fido t o  II 0 and SO2 by pro- 3 8 
longad iplnitfsn Pre aiv, 

Ipatiov and Mrtpoot~cv (1930) redwad wmyl r3trat.e solution Eo 

~e a taqemtme ee lon as ~ W C  by treatment for five deyji with kzda~gc3n 

a under w pxws8m of 50-80 a 

l'bn m x i c  umr91. a l t e  are fgnlted, &he mfon itself a& as 
n 

redwtsnt, Thw, Sa~hSmr 88 Ccmhek (J:90%,. sea ? J I C L ~ ~ Y ~  193.5) obtabed 

black py~crg,hmfo 03 by d q  diatfUatPnl of t ~ r j i - t l  glocnteD W~(COOW)~. 
2 

He also Pound [1912) %ha% % is P c ~ d  uhan o awpenulon of uraogl far- 

mato in a a t h n o ~  38 a . ~ ~ ~ @ d  t o  atmd dl?.ff-.am 1ight-i fop %hat3 months, 

Berzeliw (1.824) ~ ~ e d  UD2 bg igniting oialate, UQ2( @ O  2 9  

in absence cd' afro P6lfg0t (1842) and E3oBllie;ll (1842) ~ecp.jrm@nded calo 

cinm U O ~ ( C ~ ~ & ) ~  in d q r  @dragan, Pdl~got~s p2&uct xias first bbelr, 

then b r m  and pflophcvie; Ebllnser;Qo yrtxlwE; m a  capper-red, Zuatrau~, 



waLer, black Tn2 crytjtale n~re lait bchind (for d9omsPon wh@+&er tha 

£om parts nnhpdrtm: NgC12. . Parsons (191?) describsd o technical methad 

of eamPthg lga$J20, to I11 by lpaning w i t h  WaCl &nil ahmcoah which 
2 

m~mite reoarem of V2Q5 contaiaed in the trr~m3e00, Thla reactfcn fimds 
, 

(c) & = = o n '  ~~WXPL jilb to O 0 W ~c)Eu%~Q) ur~wl salts 
3-3" 

nitreto tc ofmga 9 by huatlng belm red h a t  and then t o  U 0 
3 8 

by X3iabg t h ~  ~ B F ~ % P B T Q  7 w C 0  Z ~ E @ P X L F ! X ~ ~  Alf l?egoPf  &6 

(lt?%) prepared pma..E 0 by dseompoahg ymo 1m3n3r9 nitrate, or axalate 3 8 
(also ~-dro:cId@ or pewcrfdo), reciuelog the pratuct with hydrogen t o  XI2 

khammtrsev (1.930) heating oi' 10 ;yer cenb mnyl nitrate solution t o  %PC 

under 5040  kg,!csa2 initial igvdrogsn proswa leads in tno days t o  black 



'3'88 a Ble& d d e  WUQB e a n s i d ~ e d  t o  ba U2Og; tMo m e  contm- 

02 U O 38 h s ~ ~ ~ i d  d 0 4 ~ b t f K l  (~f, u) 0 

2 3 

(d) - f6~~9+%&$&9 0 A @ o B E ~  ~ C 3 d  Ei@%!lOd 02 H0 



i p i . t i a n  d mi~yl' hitrote lg~@'ma{Le at 300%. Long, Jones and Gordon 



??IM ky&%teo UOiO,oqO em3 ID 02H2(,, (or i ~ t smedd~ lGp,  ucl3d 
I "  3. 4 :  

11 bamd .22ia$ ~ I @ I I " O ~ V B ~ S  0.f mugw;raJ-e e . ' r n ~ P  salts bmecy lead %o'reduct~l.cm and 



1 'Xpatlmr end ~hlrtikb~a: (1930) obtafaed o p y s a k l h e  UOj0E20. LY ?he f o m  of ~ 

~ the bydroQm;gRis o f  s d l d  ~mrPks~ed 1mq1 n l t r a h  (by hnL1LPag a? a em3 , 

IIO (NO ) ~al ,  washfng with warm agtnlp end drykstg gi~i9o pam3 axango UD303$ 
2 3 %  

Thol nbhck  OX?.^@^ obbeiasd by pr?Bomg~d alec%roly~is, iahlkh w a s  inter- 
. . 

wm n b o  studied $g F m e f  e md Tc"nng=~oTcbmg, (1935 ) and Fmneia (1435 ) 



low bmnperatwes, EbaWn (MW) obtained IIlD iag~ prolonged heatin8 t o  3 

a d  its mbesqwnti deesmpositionn (cf, aBBv6), Wl&ehid.t; and Thomasen 

(1923b) heatad ( N H ~ ) ~ W ~ O ~  t o  230% for sintean horn  pnd then to. 

26006-2700~ for twlaa%y howeo; the product waa atated a t i l l  to aantah 

 brow^^ Wniveralty ob~erves  ( ~ r o r m  4 )  c:onfLmed the fact that U03 

plapred 'by icn .Lswpemture doocqm~ifion d oatain.  some 

ti- at 350% for P m  hour's, follow@d by washing wt%h water. The hy- 

d P a t o t $ T l a ~ e  obtained in %his xoj  is then re-ceiciwd fm fouc hour. 

, at 350% to abt sh  axhydr6us W) Bright rsd  W3 wan obtslnod by fgnitioa 
3 ' 

that if tmmni~rn diparmate be deccqmiled i% a mpfd stream of m e n  

and * G  ~ ~ a f p l p f ~  f8 gpadW2.I.B~ fng?~ei"&td 25WC t o  550%, t h  @WOW 

(ap;hfah o c r t m  
lutdta of mmonia and watsdat 250°C-35QoC)b3 followed by the fomat8oxa 

\ 
1 

of a red gm6es e l a h  wgprs t o  b stable at htgh te~peratmes a d  





(e) Cmv@r~Pm Itq U ~ s m ~ b e  

(a) C O X L W B Y S B ~  .b R ~ P H ~  Qm) md 'wqd. S E C L ~  











' of (No3,.$ o q ,  t s ~ ~ f n g  o ~ m i i m d  atid c m r e i o n .  was f r m ~ g ~ ; ~ ~ ~ e e ~  ' NO 
. . 

. . 
ecranver~ion ta UGB. m s  o L b m 3  t3i* SO$% up, t o  hOWCo 

4 

A% %ha Temesuoefe Bstzm Campy (GE%-'Fi% 8 )  % ~ C R O  em% me0v8w 
. '  

has been acihi~red 3.n ohlopba&ioil 02 ID3 w i t h  S O C i  m p o ~  at 2WC-3O(DJC9 

CC14 by h836rtAng the anddo ta red heat 4n CC1 vapmr. . Ganbculiv~s (1910) 
. 

4 

f m d  %ha% t&a r n ~ t 5 o n  of' lj$) with CCf vapm meuer a% 360% md gives 
3 $. 

lAC5 and UF15. Micba@l and M u r p l g 9  (1910) allso ohaF8ed the fornatton of 



, . The Zftqaid plrasaf ahlo~imtioe of W I ~  bq CGC4 baa bson $xh@miv@ly 

( a )  g~~im%f-gg. . B2 . ~ a h ~ . w g % c s l  zpbmeops (RIP Chicaga 



' 
om tho cmy@r~iorn of PPBPII~ oxide8 t o  US2 and IRIS' by rsactf.an w i t h  hydro- 

1 . gm suWida, and t o  U 2  by aubaeguent d@eoapoait.:.oh qf IIS are reported 
I 3 2 

I . , 
. . . R 

(b) Cam~ra3.m of Waniim Drfdes to Carbfdae. ~ f e i s  end Birnb~"e??~ 
~8 

* 9: 
. (119U) f ~ m d  ihne rn reacts nfth ,carbon %a vacmm apparsntly ai tempera- 2 . . 

t k  a& 10%. ae 16WC iumkrp a uraailrm carbide'. Grenaccd (1908) Pound 
. . 

I .  that %he peacticn of UD2 d t h  ea~trnn b a g h a  iu m ebotric v ~ z e ~ - ~ c e  
' .  i '' at aboue -(at tempamem the ~ a m a ~ , i o n  OP co .can hedvosd 

, . 
~ f im bereas@ h pr@~spl$e) ~~~~~r (1926) 9tM5ed ~mnef t,ativeu the 
I 
I 

. . qU3b%m x 

. . 
. . 

, (45 1 %YO,p4c K~ nC2+2G0 

b&weroaz U8WC and 18WC, T h  equilikfm earborn aonmfqe preabParPsa l e a  

I F& !& at W 0 0 C  and reechm one a- at 18WC, ' ~ ~ t i o .  
. . .  

(46) I@43 P ( ~ ~ )  -19~h06/!~ + a,,@ 

whfeh b a bsl i~  a i d e ,  V'9 IB aq.~h&e~Bo giv3.1ig rise both tor  the waqyII. 
3 

ael2 s e r L s  ~ j 9 ~  dnd Cd tho mamba and polywanah scrics X2W4, 



FBO ~oae%;s v i g u ~ a m ~ $  wit& v3o8 ee or abo~pg S ~ C ,  cf . B&WQEY (192.4); I 
%ha OO~PV@EBP~B~ b 0 ~ % 3 b  &? ~fidinnt i~ pF?@tt@ntS eoFJo  

! 
t 
I 

i 
(@) . ' yj08 4 6&% 3 ~ ~ m ~  4- 3CI 9 10 0 2 ,  8 

Aecordhg bo ~ a a l &  and &% .(1!90) axed P.ad&Bnesn and lwrrdss (1888.1889) 



The aelubf ek W) ' in a$usou~ alkaline p ~ 9 ' a i d e  aolutiona was. ' 
2 





and 31:~~ k m l  r n ~ ~ ~ t f v 0 4 ) .  
. . 

5 . . 1 

(a) g c f  .,~I=L&FD O . X ~ ~ ~ ~ ~ ~ - ~ F - ~ Y . % ~ . ,  - ,  .q 

1, . . 

Coave~eioa af UQ2 %a b%elio ni%wrt@ .bg. ehs 8ctian of NO2 On liath. cold . 
. . 

(aeo-$~d %g hss% atr01t~t%m) wab nbt?d b~r 3 ~ i h t P 3 ~  and S~E~WE+X-IB. (U%>, ' 



I 

BQWO*J@~, -&hie ogc?mtfa dema not a k e  ia%s eccom,t fwa8.8m sf cmplac 

The hmta of mutpalizstlea o l  lJ030H2Q and UO OW, 0 wero ~ O % E T ~  by 
3 2 

do Fswsmd $a be Uo$5 kcaP =ad' 2b38 k a u g  atm wa~¶.m respeetiveXyo 

Those m?.ws bve beon wed (or .  po 55 ) Poia the aleZP&tt%on ~f th 

heats of f~m.%2lon 02' the two hythrtas fpax UO and H20 (cf. Table 24). 3 



p o b t  o m  hal!?'~oX~ pr? molls aeM, aoaf8rnhg $Ih@ p r i s s q ?  born-  
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h a  E E ~ W ~ P Q ~ ~  of' IT0 s ~ ~ ~ f l % $ y  %n H%MO aalution ma made and 
3 3 

gawa 0.014 ~ ( D ~ G S  m3/& io loo  g 5m [NO% &MO t~apemtme (after abkkllJ 
3 





dbIiWida)r US2* Biseover@d,b~. ~&li&o% in l&! i~ the best h o r n  soolpomd 

A t  +,!he &3EeUm&al bkmtopp ( 2  Chleai(a ILL) s w g b a  (p=q~asii 

bx Bmviw~ . . a% Berkoby) wI%b XJgS m%io b t v ~ w n  12. and B06 we= n@udi.@d by 

0, indt&>ating ebaenoo 0% O & ~ I P  e o n r p d u  between Is and 0~;. Fe 



( ~ a e ~ I - 3 t ; : m ~ : t t 1 ~ @ )  with four snm~!i~m atorna bl 511~1 &I~rnex~%twy cell, fas- 

morphow with C,aS m d  fi13 ( a d  other anX%dew ), I%@ bteieo oonsta.nt Bs 

. The c s l d a t o d  d@i?sft$r f a  3;O,W g/ct?. . 

Aceonodbfng %a %Eat3 Baras O ~ O ( B ~ E P U  -K ~m,y wdBde3a01~ pcsWt~; to the noxi-= 



L a -  

b$C%iB E18 
B e h  m m 9 u m  atm has wints  ~ ~ ~ n a ~ g ~ b o ~ f s ~  the tiiwm U-S dbtarnee 

BB~M& 2093.k~ , . 

Beivkah3 ocSesru,rre (UP ~ a x = k a l ~ ~  5) suggeat@d tiha& en@ of the . . 

~ m n b m  s U A d @  .is U S glwnlogoua (;.B Th S Wm@v~r, *5,91@ 1aCG'ce~ eon- 
4 ?@ P, 7" , . 

p m d  is h~xagoml (aseordlng t o  ~achar5a~en) while t.he H . e x l m w ~ % m  

Melting PoinA. Acecrdjng to Berkeler cbbsemers (W Berkeley 5 )  thz 

malting point of US 1s comidcarabL~i above 20C0°C that of U2S3 I 



Hagae&bo ~ o p e r t i e g .  A$ B e l ~ k ~ b y  ( b ~  Bex.fc(sl@p ' 6 )  the m a p t i c  sweep- 
pmp:t"ls%Saa 

t i p i l f t ~  of  me maim s~alf$d6,"ms detsrdnod m f a  the n.eunlb listed 
3.n '.Bb%,a 46. I .  

I Hess (19.3e) found that mduetloa of Is by hydrogen s&~ops at 02S3 and 
2 

th@rsYmet csn~fdered UBbagofP"Qs. eoqalv~Bom as emoneow, AL the Mettral- 
< 

. . 

. . w$bEi 
: redudPo11 of Uil9 arbm at l<I0O0C in high voem:  



&he faUnwbg two mya (MP Rorksley 5,7) : 

(1) The f i ~ e t  maGh~d con8ie)tlrl in b'tsmct9on of fine wra~huan 

pawdel? (obta8nad by d e o ~ ~ a 3 i l 5 0 n  of um.nim ~ d p ~ d a t ) '  with the calcu- 

lated mount dlP hydrogen sulfitlij, T%IC hydride is dee~~~.psrsed at  300% 

and the residue i . ~  reacted wib,1% kz.@rog@m ;sd,fid@ a% &0@%-5WC 

quna%"ed hun raaetsd. The p d w t  ib? at fSprrL no% qarktg -mIf'ow hut con= 

t e t h g l  higher a=idee and mreastcd ae-1; it can be hesLe6 to a hl&@r , 

~ m p s a s t ? w o  for Iimog~)nizaQfo03, (1s e m  ka 'haated w e r  18WC wi&hm% 

(2) 910 seo& aethod Ps the intnterac%ion of (IS2 wLth We cal&ted 

mum% of  m?~if.\;nn hydride, Tbs p~ocedme i s  tba eataEc! ao abara, doeenpwi- 

and fbn2 heasing .b high ~mpemtme for h~:ioge=~%?&%io~~ 

Aeco&&g %a the naPr.e ob~emrers YJ S cast lig) @eeoqoeet! to ITS by 
2 3 

ditrseciation i n  high mcm at %830°C, 

b %Q3. Nibgoff  (1886a ] p n y z e d  D2S3 (ge~eyioh black needlea ) 

by heatiatg UW in Q hgdpogela o\rlf"ida ~ t t r e m a ,  fm= eigh%-tan hchn wi t& 
3 

conpbte a ixe1u~i~n  of ai~. FlrlLt and Heas (1938) found that rc6uction 

of US2 by oxygerd-free hyckogen at red heat givea a greyish-black, ppo- 

phan,io ptmder irhes~ ~ ~ ' ~ l y ~ i ~  ( 8 3 3  par cent pn.an$m) ind ica te s  the, 

empeaition U S (82,Cj FOP cent m~niwa) rather tb~n US (88J per o e ~ t  2 3 
pkpaytfg'bi ) * 

A t  Eerke3.e~ (ftfP BeabkePsg 5,8) t h e e  mthode f GP the p r c ~ t i o n  



, 

~f ?J$33 were developed, 'Ihe fimt .two are $entical  ~ 5 t h  those desarlbed I 

. . 
~ Q ~ ? ~ o @ G A  ffilfL.ffC?d d3nd 

(2) ~ g a c t l u n  of wmiw~ (frcrt m; ) ri%h caSoa&t?md awomt of GS2, 
I 

3 
I ) o m ~ ~ u  of ~.natatji~i';g. u s ~ 4 ~ 1  t e q e r a t u ~ ~ a  %?Q fimihom- I 

2 3 : , : ' ! I  
ge,n.nlm%i~~!i of. tht;e pr3ciduel has kc. be orimforl ox& 1~ prolonged hea%ing at 

hp:pe~~*i turns << L80B C . . :~ 
:~ 

(3) '.Tb.~ml d p ~ ~ y i z i p a s ~ ~ ~ o r ~  of USIZ ( ~ ~ h i ~ i a  r ~ n  b8 ~bbln:iIWd by ~ E ~ M Q % ~ O ~ I  

of wan5.w OX-%~&B ~ f % h  ~ I ~ ~ ~ C I Z ,  in ibka prrscrmo of lgj&"ogsm sulfidob cfo 
. , 

belm~) . ,  'h an@ sxpzirlr~ent .bha dasonpetit~t~b. .if 1 1 ~  2 t o  u s 3  was m p l e t e  

&@p -2wt3n-&;y mILIIgtmm at ~.6&WC 5.n t.1 vxiomn of ;isrsut 19'4 &. Am~@vel~, 

. 3 9 i a  itg*.l,f bfoet%pu~ai'%v@& e ~ ~ i 3 3  ; y ~ ~ ~ ~ p a s e ~  in oacum (L% W!i 2 3 .  
b~ eorrzarf&;f? $a 06 f ~ ,  hi@ ~J~~~ 18MQ$ ) '1!hk3' E @ L ~ ~ I '  $.@ l@$s S U ~ ~ S  

..' b b  %1ii3n U \ C ~ $ ~ & O  (1) 3n.d c2 % P L ~  ~zJB~!@F;P&:~oB &? & p ~ . < > d ~ &  
\ 

capo&t+~z i~  ~ m r @ ~ p ~ a ; l b g  oxaceby %O thg fnrm~?& U :;,. On the other hai:..d, 
. . 2 -4 

ablin1p1re6 ~ ? g  Q!:B htgh ~ e k p < ~ ~ ~ t ~ t e  i.;Gth~a vdocneiata of igrwp 

ey@%'&j .%d PE P E ; , x ~ ~  ~.rni? ~tsbla ia air tba .Lhos@ obtained by .tb ica 
' 

$ ~ ' $ E B ~ ~ ~ ~ % I X P @  %af;h&~~ [I) mf ( 2 ) ? ,  the Zaetor grep~x iadao  havbg t o  bba . 

., . 
of 1j2 is (&J ~ . G $ Q & ,  If kt0 @SAC!& f'ID(L1 c ~ ~ u Q ~ % A . o B  %EJ do- 



b s i 2 I ~ g  eulf3w givkg DS %%:lo fa,  how3ver3, not a cs~~r~n?i.ent method 2" 
'of prspratiora of thf s ciirqponmdo Another method f s %.Q react UC1 a?-th 

4 
hplrogex~. suBiY.de a t  red heet (&mmJ 2.861): 

CoLLni (3.9@3a99$F) engg&stzd ths w e  oC the Lees w ~ . h t i l n  2W,19UC1L . 

h f c a d  02 UC14, end hydrogsn c b ~ g e d  a i t h  sWw inatead d 

hydrogen s d f i d n  (becaum hplrogen eukJPids It, dWf ieu2P. $0 dry) ,  A i r  

nwt be ~!xc3.uded~ The ~eaetiow. begins at 509%. 'Fh3 pr&& i a  -bed 

with n&-freo wat~r, da le~h~1  t~nad% ether, and &isdl in vaewm, The d i -  

of Na, HE, AP, Sb e=d9 evan bet?or, mi %h t in  stzP.Tids a% high 'in~psmtaseo 

but a l l  4;hsse mot2lod~ are not &3 ba sscxmmended. Traces o f  H$l mica %ha 

the mlds t o  W 1  Mter subl'inion UC1 was ~onverted to GS2 in tha 
4-  4 - 

with carbon In tihe pPesoaee of hydrogen ktulffde, The latter reaction 

(cf, below, p. U€? ) but when tho temperature is raised Lo its mast- 

wlue, WS is reduced t o  DS2 by the actiin of GS (tho I s t t e ~  be- 



tms lPBad in tho iinnl atage of *tile Fmepr&tion proosss, 'tho t(s~rnperatm*e 

nust, be reduced .Lo less thin IQOOQC:, t h u s  8 U ~ ~ h g  tho Eowm 8ulffde8 

$Q pick up 3ar?fm fz:om th(3 circuhti.3g hyd~asgem a~i l f id3, ,  

puv3 w ~ n i u n  metal 13 available, %he 'hyc1ride method weem 
\ 

praferablo b e o w e  of its s5mplicit~. I!v#erer, in this case too, as h 

that of U253, Wle prohct obtziaed by -tl~e high tsa2orattn-e process i r ,  

mare stable than -:,hat* obtaiared by tho lo'd~-tzmpe~a%~e @dr%eic! 1: cb;.;at..im, 

b ~ d l y  a%t-ceked by car~oen<;mtcd Eel. ?d dilgtsd and es rrhlghbQ . 3 
eolub1a f e a  HC1 + Rr cct%utla, b U , g  HMO a~idbsed t : h  mtf.%ex=ia% with 

2 3 

mi&% have been U S mehas than (cf . pa ) 0 8c@~rdag. to 
2 3 

(b) g2s3. According t o  A].ibs~off (181h) and blntt and Hess 

(19%) '13 S dsc~nposes in air and i e  a.3'ten p3p'cph(11?ic, B tne pre>3eaee 
2 3 

cerdag: t o  Al.f.begoff, are eir:24-las Lo those deosribed e.k~vo under IS, 
m 

The fiema kbservea8 fooltad t k ~ t  U S w n  be redmad t o  US by hee.linf#hyd:~o=. 
2 3 



(a) 5 H~T~J~T:. (1661 ) oiberseC t;m.L 73 ax1d:L~od in r i i s * .  a& 
2 

v ~ r y  81~)i~lr ~ ~ o l t r i n g  %S 1a1d 3 . \ 3 ~ , ~ h g  yePl~w%sh belt u m n f . ~  oWn",., 

A C C O F ~ ~ ~ :  t , ~  @ l i e  a&;kor 1rz2 sht) LO (2W303,1%7) it i a  oaay V C , ~  

slow1.y n.&txwked by wn$sP 9 3  tha cold but 2s n~pfd1y d e y ~ p l a e d  by ??sgrOr 

. ~M.~oI.. ni.3.0tee I K l  &+?s Ib%tt?Ae affect;; emiu3e~t!mted X1 a-tkek;ls  lar re 

rapldlp, prZiqU.~+rly on l i m l t f ~ g ;  IPiOq acts very rapidly. Plaon (1929) 
d 

fount1 IS $0 e l i a ~ ~ ~ f a t c ~  in 7racwm at 1,30006 etralvfn;~ t 3 u l f ' m  and forming 
2 

CP lower au?.fide, 

According t n  Lns ubPomfl.cms (EP Awn 17) X'S2 (:de f n m  umnim 

i . . UN ) ~ ~ t i c t U d  wPZh brafihie at :;000C l i h e ~ e h ~  s2%, Aftor 
3 

I 
I 

Two uraaniun cqysulfidaa ha3m bean descriked h the sarlice~ If.t@=- 

turn U a s (3 2m fi2E ) em% U&,,,S (8 2?70,02is ); the existence of tho ! 

3 2 8, 2 2 4s / 3 i 

WS (s EO ), wis diuamaracl 9% fserkelq, 2 2 i 

1 
(a) g o  (IJQ2otE,) - b-anitm(X'F) - CxywWids. This oorpound 

m a  first o'Jtaiaed at i3erl:eler (W Be~kelnp 7,9) br xorctlan t:,f with 

(v 9 1 1 ~ )  8% lCXXPC-12WCo Z l c  rnkiutxt mount of' ~atarr =,port prorluoed 
0 

by htemctTLon of h@regen eulk'dde with th arrfde r%f~oacb;ory aufffeea %o 

inhibit the' ~ozxraition of m2  ate^ it tms found at 

Barkelo y (YIP ~ e s k c l a ~  5 )  thet DO3 can oleo bo convon%&lJ obtahed by 

heating UO or W, O with elarbon in a stream of hydrogen ~uPfide;  a re  
2 3 8 

mutlt be W o n  t o  reatrict tonpcra%we md duration of reduetian so as 

to prevent fo~rsaef~~n of US 2" 





n ~ n f ~ ~  : x d s  3n (cPo P ~ r t  3;t, (:hulltier tm Ura-lat,ars, j .Pxeo, crysrt,ul~i.nc, 

lJO+ rme nl ; t s i~~ed 'by hi3.2-9;~~!~~. (13131,) futm i 3 L i  f tve2~fa p.xaLa 1 - 
(tb~*ee ) wid adi.t'?x3 [f k.,r6t g.aap:n ) , !ill o p I*cDC~EC+~, ?tI: %..a L:..e.ekv $atrap 

c ~ ~ l ,  neeilL~-rBzpcx. c.c;j'crtnf n ., . 1 $ Pe c(c;;we;avte l 'b?) 'U3:: , by S:p.itiors i,? 
.J 0 

oh- rrL%k 11 ra~+, io~~ aP uul fwya Gicri..Jo, A s , ~ ~ E  FJ~!.P mib !%03 (E~::.~.LzF;~ f.t 

z2&~3.ci39r; E2L i!of59 !.;ti& i ; i%!~ck ad, roc)% ';ew:,xj~~.turd tat  fi~~ocq?o!:~a ;itflc: 

ewmg:l, ~tiW3;*30 an ;;itwk%.~lg, 

t? O .  Ii~xxi$.*m Sls:?ratl do:: uz,d 2,: J:a.-:2<~ ** • 
u*DYW...I*-U LI.LDL.I-1C.7.l. ... mIDI-.-.Y.-C-XYNr .., %-A 



A seacm 6 CZL"E~P).I?~ ! ; 11 ,Xkx:160  'Gz$s3 TIE~!.Q tY~ki?,,ta~:d 'by 1bit3clt$ge 6b0 
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saslly prepzu&d and have been hum for s long tins, uranium trifluoribs 

Oe 8 C~XR~LUMI the ~prcpratioxr of whf& I@ attended with eom diffioulty; 

~ , tte emtheeis ' hae o d y  mcontly been aohiemd. W l y  attempts ko p- 

pare . U B ~  Ef8FtP made by rec~~oticm OP the t e t ~ ~ u o r i b  with h ~ o m  a t  

elevated tenparatma, er rmthoia .which wm suseeecrfuLhqr ueeb earlier far 

tho pparat ian of UB.r3 and ' ~ 1 ~ .  In the f i r s t  euch atbmpt (Bolton, 

1 .  : ,: 
1866) the tetrafluoride weid vas prepred iram quoow dolutlan and,eh.ra-. 

.%matea w i t h  dry hy&ogen at reti h a t ,  hytlrog~n f l u o r l b  m e  evolved erBia 

er re&ai&-brown aaaae m e  obtaf mdo It. m e  iarseoluble i n  vater a d  m e  

scarcely attectbd br q acla wt'w %he exceptfanr of' cazmen$Pabted nf*lc 

I '  -18. 80 analyale of $he ps~oductioas me made, but Bolton eurmieed, that 

it m e  ' a lower fluclt.4bo However, recent work M a  shown that ,in the 

6 t h  hW0-n l e d e  t o  tmmium 8ioa;fde rather to the tribramfcle. 

mue, &tee ant3 Anbwm (CEW-TEC f ), who treated uranium tetrafluap1d.e 

wleh hydroen at &0°-2>0%, obtained ae prduct o d y  i m p a m  W2, mob- 

ably because of the peaence o i  - In  the tank hydrogsn used. B r l t i b h  
. . 

imeeti@irre ( ~ r i t l u h  1)  a l r o  tried. to obtain W3by treat- uranium 

tetr&+uorids vlth h$i2rogen at 600~. They, too, observed an evolution of 
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TiPe  tar% thaL -umntum ePifluoflde miat bs of w e  bop the 

pdluction of uranium m a  lob tihe aPllrPe poup  to Blevste oomidesaBle 

attenttan $0 the peperation of this crppound (MP b s  1,2). Pirat, 

the rsaotlcm d hydroe;.;n wlth UPb wee is-lmeatigat&. Th. hydrogen 

ma rigorcu&ly guvlfiea by p a a m  orsr hot auanim metal (Chapter VI, 

Secrtian 1.1). It raae'iougldi that if the maction was cas~iea out In a 

mill se reactiserr tub, f'PuoJ.ine-o~~lnlng F e e  were evolve8 at tan- 

peratwee above 600%. ' %Pae pro(fuct, bowever,, wae .lar@y &. The 

the produotian alp l&yd.ro@en fluoi~fde am3 U02; tihe latter attacka.t&e 

celltee.. @ 8 1 ~  StF4 and mare the cycle ie mpeated until corn- 
is 

ccmrersion at the ~4 to o2 reeults, ilbia/gartidwly likely to 

occur when. the hydrogpa f l o w  throw the ayetern ie @law. When the re- 

mtion d w i t h  hydroefrsn anta amrisd out in a -1 maation tube, 

no evoluttcm of hydro~n fluaride was obeemd a* ell. Eoen a s t a x *  f arty- 

e i a t  h a v s  tmatmxat vith pure bydrown st 980% the q-..+ a W ( l  be re- 

covered eubetantfally unchanged. Thie reeult of %he Amea imetigationnr 

la not ~uite 'imdewafc~ble eiraee we w l l l  eee below that Brltierh i m e -  

t$gbta+s a~coeebd  In preyaFlng W3. by oubetantially the game msthod. 

b e  group, however, atantlunded hydrogen reducttun and turned dbetr 

attention to other ppaprative mathode. . 

A number af urueucseeeiul ettanpta vsre n m b  l a  varioue ;&aratorriee 

to mg~re tX? 33 halomn e ~ ~ h -  M i t l m ~  d t h  majt 0 ' 3 
Whexleae UBr* r ' l g  a m  Punned wetly *en VfI3 'ie 'keate8 at& hydrogen 

IwomtBe or. ahloride, tihe acttoll of hydrogen fluoride on Uij ylelda anlg. bT!, 



(MP h e  4; UCRL I). Ifowever, mXy wemtumn tetmfluoPfdie ooula Be 180- 

l a h d  fraeg the pxmUuot, de0p2b the tsameftory spamace of a md$leh-brown 

color in the precipitate. since it ergpared rwaambls ttmt ragid re- 

aotlon of W3 vlth water dgbt  bsr reegrmelble f o r  the failure, tho experi- 

(Pmvlw -ate ha4 aham dlethylfcmwmltle to  be wmffected by hy- 

dro- fluoride. ) , Hoarever, inratead of the exlpeoted red pmoipitaeg of 

W3, only cr gmen farry paate peeultgd which met  Bavce been farmed by 

reaotlon wi%h the s~ lvent -  mue, umnlum t r i f l u d d e  coulQ n 0 t . b  p m d  

by any ab these halogen exoheuge reaatlanmr, 



of uranluan trlflk%b have thue far b e 8  aohievd. In ehe f fret ,  by a 

mful attention t o  the effeote af &e~,u.re, oxyen and t o  me pmlty : ,3 

- of the uranium tetmf4uorlb, EMfiah vorbra aucceedsd In ppartng th. 

In the second peperab;%aa Ulo d s a  group obtaifaed UP3 by the rdluot ion of 

(a) Reduotion cab W f  Y$th lqlSdPomn (& l%~eh 2). The antcoela~ uf a l e  

prmedwre l e  contlng~at u p n  the amlueiqn of aP1 trawra of moletun, ar 
. . 
oxymn. hydro- F J L ~ ~ A T N ~ J ~ . ~  p&llPledbo' A m r r  l p l p e l f w  cPrgLq 

O V ~ P  &QIU a i m i a e ,  fa  P ~ ~ , ~ C I B Q B  by p u a i ~ . 4 t ~ b ~ ) 1 e ~  at '3500@, 

am% fW drg%88 I s ,  aohleved by euslcg@elve rnemite .tWou@ caloium ohlorlb, 

phoephorue penttxsfb, and a m g  ccm4.ed by liquid nitrogen, ' Trace8 'of 

ewp&B.solfd i a p m ~ t l e e  a m  8 0 8 ~ ~ d  from gace stsomi bz a eiiritewea 

&me f i l te r .  

The maceion tube eonenate of M outer tube of el l lca  f l t t e d  w i t h  

a l iner  of sta1Plsss atee l  (18/8/1/1) t o  p v e n t  th. bydro(gsn nuortd. 

ppahued In thg mfmtkam frcm attCaOHxa$ a&. ellbtxa tube. In  large e d e  

pmpratLa8le a etxatzile~a ~tee3L tlbe @%&caw i e  eufffofernt. A molyMenum 

b-t cxm Be ueed for  hold%% me t e M u o P i d e .  A l l  e x p a d  e l l b a  mar- 

fmeer la tihe cooler p % s r  of ma appxWme aro proteatmi by a o a ~ t l n g  of 

depmee8 Before uee, 

To obtain pwe wanfum t r i ~ u o r l b  f t ie e~taentlab t o  uere %om- 



tin, coppar, sulfate, and water, @ m e  aIhrree ob. UEj and W2 stnce at 

the hi& tempmbrso u e d ,  both etilfe~te and watgr -ti w l t h  W4. &vsa 

h a  found #at faFb of ssuffioient purity cern b pi~epamd by subl l~~~tlcm 

of ordinary W4 in a very good vacuum at 1000% ualng a wlnbmun a=- 

(above the m~ting potnt of UF4) 8 ~ d b g  to  tho equation: 

rrtate i e  very olw at 1000%. Rolcqpb heating at 1000% 16 lxmdvt~~ble 

as tfierrv I r a  w r  uf thermal dlepropcrrtlarzatim of tho trlflunride (See 

0ryBtalliee and keg a deep violet-red color. mat tt 10 pure W3 ie 

ahown by Ch8PrdC?%1 aaalycrfe an4 by x-ray c r y o t o t l l o ~ ~ .  

e w e ,  by the action of atomSc hydrogen an in a e l l l a  veseel (MP 

Chiongo 1). A pvoduct obtai&ed'-the x-rsy di~ctian attarn oi which- 
I 

i ~ i c a t e a  the peeenae or 60 psr oent UF'~ ~ZMI 40 per oent UO* . ~ h s  axygan 

probably arisee from water ia~nsd by the recrotlcm of potamic hzillxogrsa vlth 

(b) @ ~ U o t i m  of lJl"-&l3hnium Metal (# P Amee 6). tbmium tetra- 

rluonl- cern be rdluced w i t h  21- aioiaed ~ I U E P  at 1050%: 



Tenrapamtwe regulation les i m p o r t a n t  efme ~ u t i o n  (4) 1e m r e i b l e ,  

and above 1050% the equib.LbPSlble le ~EWMJ dlleflaced t o  the le f t .  The 

reaction m z t ~  be car~ied out in  a nickel meeel by mixing uranium te-- 

f3luoride with the etoichiomtrfc amount ~f uxgntuaa tumix@e. The nlxtuse 

fe heated t o  ao0c, and h.ydro@n ln%ro&uced t o  convert the metal t o  By- 

&ids. The h p M  i e  then deompoeed a% lb00W, eisfw an Sntilmte mix- 

turn of W4 wlth f9mly disideB u r r a ~ ~ i w r  mtal, Tbfe mirr~ure ie fueed at 

1050% for two howa b n  an argon pitme@ere an$ bhuk, dlemi, cob-like 

sal ld Is obtaiasd. Analygle indiuatee that i t - l a  siabetlmtlally pure W3 

~ O X l w W X b b i  W 1 u  ab0~% p r  G @ ~ Q  & m2 4 Wg20 

1.2 ~ i c x ~ I  WPoxmkelee of U ~ ~ % M I U  Trffbuorlde. Uranium trif'luorfde 

obtafxmb br tBg reduction of uranium -txafluoridle w i t h  h w o g ~ n  is a 

fused crysWline asLee ebmoet black i n  fhe rneeive f m ,  Under the miuro- 

ecop the eryaWe hippar dobet-r68 in color, Since the trifluorlde * 

dieproponttolates (Lo Wb P1 UU) above 1 0 0 0 ~ ~ ,  tbe mblting mint could not 

be detownlne8, but obeemt t one ilaalchtte that 1 t met l i e  a b m  1140%. 

The o ~ ~ p o u l ~ d  appeare t o  be ter~. sli&tly volatile above 1000% (M P h e ;  6; 

BrltiePI 2). 

X-mqy dLfYmetfoa e%Uiee (M P @hieago 2; M B h e  7) ahowed that 

w 8 t a ~ r a  tplfluorlde b e  a u ~ ~ a r ~ e s b .  structure very different Prozn that of 

the t e t ~ ' d 1 ~ m i b j  I t  18 i ~ ~ o ~ p h o u e  w i t h  the rtye eax%h flanoridee, lapg, 

R P j ,  C e B p  and 

The X-ray p?br  al?f%gmm 9s chapaobrhetio of' an.hexa@ml, closle 

packed -t of the mtab at-, The -it. eeU oon%alxw tvo mole- 

ouleles (~paoe maup ~6/mnc). The ptwamter~~, tu detemf,md by Zmhar Laeen 

6 11 
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A ~ F ~  , 8.054 go0og 7 . W  i o o  a,* , 2 0 9 .  2,645 1 e 0 1  

be Them eleven f ' b ~ d m  about ~TEBW . . 

G O  A f t e r  comcttcm t o  coor&$aatlon xmribr ei@% ad eulkact ion of t h e . i m l o  radius for F- (1.39 AO). 

CI. ~ t i e h  worhrs found a bmity. ui 9.18 g/em3 by. mrsion in ~ t r a ~ i n .  
0 

. , 



(l4 P Chicago 2) m a wxy purs e m s  oi W 3  an, given In %ble 1 to- 

mther with tame & Wj & 2 h d w a c ~ e n  end those of CsF3, P+Bj end 19W3 

Prom Qftczael (1929, 1931)- Earever, I. QiteBaS eta- that the true unlt 

oell, a ~ l  btemlned by Xsue pho-phe, l e  orthorhcmbf~, end l e  three 

t tma  larger than the h e m  'unlt oall deduced from powder biff%otlom 

pt%em. In agmomnt vlth fhis vigor, Brltleh W O T ~  ( l~r i t lah 3) found 

by goniomtrlo asamremnts that the coyetale 'of.UF3 an, p r o w  cothor- 

iadisers elosa t o  1.13. All the m y ~ W e  c w m  t o  exlet as triplet%, tvixmeb 

1-3 meadd W.opertiee of Ummlum Trlfluorrib, (a) The& Me- 

&ionation. Htl& varkem (Brltieh 2) found that uranium W ~ U O -  

(5) 4W3 +z? 3W4 + t? (See eqmtlun 4) 

In vacn~um, ISq eubl%m~ 9nd uraelum mtal pcnodtsr Is left, The becarmposltlc~ 

$8 sllght a t  1 0 0 0 ~ ~  aab ko-a cozioiQsrabllo at  1200%. The fail- of' 
0 

the Am0 Group t o  obtain Wj by the maetion of u d at 1- C 10 i n  

agreement v l th  thme re8ults. It haw b a n  p p o e e B  t o  u t i l l t e  the ale- 

ppoportiaaaflag of rxlp f o r  the prep8mtlon of very prre urenlum metal, b-lt 
3 

the difficulty of f lndlw mterfale whtcb:uould reelet the'actloa of both 

Ei*taP and fluaride at  such hi* liempsmture% renber euocese Improbable. 

(b) ESfeot of A i r -  ~ l u m  mfluortde 1e d y  elmly affeated by' 

motet air? at  room temperature (Brltleh 2)- It l e  not appmolably hg- 

~ w e o p d o  thereby reeezllbllng the trlchlarrlde In etablllty, On heatlng In 

a i r ,  oxidat~on. oooure, ~~um~w t o  an o q ~ l u n r i b .  ~t 900% uranium . 
trifluarltle 1s quantitatively comerted In a i r  t o  U508 

L 





' (f) R@duefl.lpp AmnW (N P b . t a  9 ) .  VWntpm t9p$fllawttb b e  b i n  

I retaw a&Ped camliBer&ble lm-8. &oh eHmt Pvlo Been tbxpazblin 
~l 

i In %he fd2- mact40n, a beoripticm of tho vzwl0u.a mthode uf 



2,l Bar1b;sr Work. UPanlum te-umb m e  ffrat prepred by t h ~  

aotlon of' aqueous ~ 3 r o f l u o r i c  mid on U 0 (Hermum, la). Tlvs reat:tios 
3 8 

ie vigcmue and ylelde a mllav eolutlan tm@ber with a lmoluble 

residue, The cnmpo~ition of -1s msibue ww o m o U y  dehxmlmU a.e W4 

t~aeh. mttg~ obtoinxbu a mm t ~ t l y  i i l t era~~e  proauot by the, m a ~ o t i m  

of a b o l l i w  oolutlon of many1 f l u a r l b ,  w2, wltb etannous sbloa%Qe 

e pertodic a a i t i ~  O~P hpdrodluorio aold. sd lut io~o  of m u m  

u m t e  cx mmnium nrmyl czu~bcmste in hydroflu~9ic acid aloo yielded an 

wily pxrt%lnBle usmaturn f6Wafluceri68 when retlucedl i n  the eam we 
Bol ton  aSeo observed that addttlon d h@mfIuaopilo m i d  t o  a solution of 

~* ursnium tstm~hlar~tb pr~duwd a r ~ l u m i ~ o  ~rpeoipltate oi uraaiurn tetra- 
I *  
I f l % ~ r l d e ,  Both S I ~ m m m  ax@ mpOPtBd that l @ t e U  urmlunr dl&& 

resoteb Berg alcmly with aqueous Wofluurle a ~ l r l ~  fmahly paeelpttateb 

m2 S 2 Q  reatstdl much mms mplblg. oMervatl.cm &'%ado coaflwtiom 

in the work  of' Bzmddook lzad Copenhafer (Mallinckrdlt 1) 'who noted that 

hot, ennetant-boll- hydrofluaric aold (43.2 pgr cent EF) eve  no 

uranium tetzaflumlibe with aahy8p.ouo w a l u m  dl-&a even sftar can- 

siderable prlob of time. Ccw~mlan of U02 to  UI'4 Le appw~ntly mcel- 

eratea by dllutltm of the hyaroflucPic acld. ~ l t te  (1880) 81.0 studleb 

the aotlco of hydmfluorlc aold an Up8 with results which he aJhlmed , 

-re not In apmmmt with those of Boltaa. Mtte le  reeulte am, however, 

vellreleee 'bsmuee of poor rrrurtvt...laLl technique, anb u r o y . 3 t I t 5 m  of Ule 

exprlmants by Sndthelle (1883) conilrmed Baltwr*e ca9glna3 oarno;Zuelerneu 



2.2 mparatf  cm of Wanturn Tetr&&?.a?:~P&rs i n  A~ueotac Seikutlm, Wet 

nrefhoQs tar popopratfan of UP4 ham been bveloped nass%ly by. P r i t l e h  

vorkPsf~~ Thef r 8ar40ue mdlflea%iona a m  all bme% on the above-xnentlozmd 

(a) Stasmoue CUoPib-HsCEsofluaa4~ Acid .Ro=eema, Cham (S A X- 

Columbia 1) gmpred, Wk in plah ths emm fashlm & did Bclfon by diaeol- 

of 99 pgr cent m e  ~ e p o r b d  by him. 

0 0 )  m2U04 4 lllB '-7 Pf8g2 + 28aP c Z ~ ~ O  

(u) mfi  + S&l2 + 4m 9 5, 4 5&1ge + -0 

A npet i t lon  of thle  work ( H t i a b  4,5) showed, hmver, that the uranium 

tefrailuaPidCe tw obtabmd wew PmmrtaBly o ~ i ~ ~  with exlium fluarlde 

(4-5 psr oent after d+lin~ at LOO'C). me amount of a d i m  did 

not c m e p m d  to any definite uoqamd of 10eF and Wk; probably, the pre- 

oipltatcs wae a mixture of  UP4 with a m  amble mlt of eznl W, .tha5 

erntot rat io  of the two oampmea%~ be- dement  on the mlntiva eol- 

u b l l i t l e ~ l  of the double Wt an8 of UFb in equeoua hydrofluarics acid. Stnee 

eodlm-fkw UF4. It wae found that thie  result <wm Be auhleved_ by wing 

 odium umnate (ar probably the mare easily arallable dl-te, 11%*) 



~lnas been i m e t i ~ b c l  @%.ti& 413 the msulta ape camieta9Ilte. w i t h  &low, : 

% d o  ~ ~ a c t l o m .  The rate ixmmaaoa rapidly vlth tsmporaturs be- 17% 

8 a  ' ~ 0 % .  F€ar mpia ~ b l ~ p ~ ~ l o n ,  thsmfcxke, the erdluQioa mnust be 6w hoe ars 

gossi~e.  pssen~e exoeae -ma mid also tend. to -cream 

tbe rate. of raduction. FairLy gcod field. (92-97 pm cent W4) aan b 

obtained by 4 2 ~ 1 ~ ~  procsdm, but the . e m e l o n  ~oblem snaounttma8 in hem- 

U i q  hot e o l u t i ~  eontaiP8ag both hy&oQhl&a d l@rofluog?o aelde 

are very trouUeeanre. Ebonfb afford8 e partial eolutlcsn of dlfiieP1PBy 



CE2O m s ~  p ~ l p i t a f e  snd cmtamf~t~te the t e t r a 5 1 ~ ~ i b  (See section d) 

808ium df wanate proved not t o  be the most eultable etmtlng ma- 

t e r ia l  for the prepra~ation of W4, end the t i n  ablorr'ae reduction method 

ueed inatead of the diumnate, A preliminary frweetiLpation of tine die- 

chlcwide oz euliate could be obtained by neaotian of V308 w l t h  the a&- ' 

wlate auld in the presence of an oxldiziw ~ n t  suoh ae HN03 (Britleh ll,12): 

By ueing aamuAat leas than etoichloea~rio quantities (85 per cent) of 

nitrfc  auld, it t s  p ~ e i b l e  t o  obtain eolutlane free of exmee ni t r io  

acid. Sixreg, ae mntioxmd above, B ~ o s h l a r l c  ereid @vee riee t o  carro- 

.elm diffiouBtlse', here too, fee use, despite acme deetrable featuree, vaa 

a l so  aMndaars& i n  fator of eullur?o acla (Brltieh 13) . 

eepecially a t  m o d e r a t e l y  elevated ternperatllrer+. If fbe qu8~t i t i e s  of . 
t 

%<ride ueed are exaotu stoiohioz&xlc a o c d i a g  to the equation, 

a -0th an8 rapid u m r e I m r  of U308 t o  W@Q4 can be obtainsd (Brltleh 14). 

I ; 

Qloe a solution of 1102804 1s available, the redyctlcm b psrlormsd 

exaotly in  the ~ ~ ~ ~ e d u r e f s  deecrfbed bet me (Eritieh 15), and UR4 p o i -  

/ .  pitatea as deecrlbd In 8etail  l a  eectlcm (d), - 

1 .  
- - 

/'. - \ (b) Rwparatlon of Free fr' .m Rare Earthe by thes SnClg-HF Races8 , 
I ' 

s,. 

J 
( W i t i d  16)~ FW certain purposes the rare oarthe conetitute a moat e;.r:- 



Up8 18 diesoloa8 in  B I P O ~ - H ~ O ~  mixtwe t o  giro UO$O~.. eo~~.atian, E I ~ I I ~  

mdbee of h y i k o f ' l u ~ o  act& per mole of ~ i u s u  are added t o  the -1 

mI.f~.%e eolutian wbioh f o  than Beefad $0 boiling. ad(ldtion of,,h~dlrofluwio. 

acid at a l e  pin t  1s p m i o o i b l ~  ~ t n m  Pa no W r  h m  of W oo- 

~ ~ ~ e o l p i t a t i m ,  The bofllng salutlcm l a  then reduced By the elw &lition 

of adtB atmnme ahPascibe. The f%mt pc~%ion of p w d p l t a t ~  %d 

i e  re-8; it omtb,.Lm pr~bc%fcdly a l l  of the ram ~BJthti?~ Pre reminder 

af the W4 I@ ,thorn p o l p l h % e d  in the erslae wqy (Itig.' 1). !!he prcduot ob9- 

t awed  soco~~ing to flat aeetis a m~~lwmte, UF~.B~O(~I omr%atna 

appsoxfnate~y 0.9 p t ~  cent t i n  and raxolaUs emmanta Bf ~lulfato, The b- 

hydratian of the xmndqdrate l a  difffcult, and thie  w p o t  of trhe problem 

of F O ~ U ) ~ ~  W4 IWW ~ U B O U Q  l i ~ o l u t l ~ ~ 1  haa not been solved astlsfaotolrily. 

Qn the who2e a t e  metihod of ~ ~ n g  UF4 I@ ueeful oPSLg 19 a probuot 

aomttalnlng eomns tin, ieulfate, Bnd ~aois& osur be ut%liged. mie m t h d  

1e a l so  k f u l  when -Ira- U308 l a  available snd it %B netasaery t o  

-1~epsse u m d u m  tetrafluwide Pree of ra~.e earthe. 

tine rates may b uaed lxu#tae& of 8xS12. Altbu@ tihe farmatlopo 

of' U(=) i s r  bikely t o  be troubles-, a l e  can be ndntnslted by e s . ~ ~ f u l  

rr~mibtion to ~ ( m )  w i t h  air, 

. 
-1 suli*te. edut ians  oa. also re-4 t o  U(R) a l a t e  el.ctmlp 

t toa24,  an& '&tk ;I %hen b pctp01pltiateik by the add~ticm of hy&Mluorio ' 

a parer pmduot atooe no oontamlnation Atb s ehemiual reducirng writ can 
*- - - -  - 

owur. Xavgmr, no oomeni.ent mthoQI f a  lmam for ramopdw ram afwtha in 





-. . . 
L.. ' &sired,' *e *pXlrowfate startil3g material. for tBe @lectrolgtlo glImAes 
, - 
- ' I , ,  ia+ wanturn axl-e obtalasd *am nl-e4, bee twen a e r i o u ~  

but the tmp&axwe of ~ o t i c m  (20) inmmea w i t t i  riel- temtupe ;  it 

, 17.9% P r  cent; mQ3 7095 ger 

cent; H20, 74.09 par cent) at 50°-TO%, motkmib effemecexzce occurs, an8 

w%U Be In @du%I~gll aa urany1 ~ZP14afa. The ~oluticm ~ h . H n e d  ln %hfe ww 

ctx~&%tge vary Pft%Pe free n%tPio acrid and l a  mitable far aommfan to 

i m  bfoxtb %n acid ean be very violent; the s a n d i t i ~  ax~a ecama6mtfaaoa 

~pcif%e6! above have been found t o  cmmme mimoth n"6~act8o.n. 

important md thie  cear 0e etmi3y btermlned by dlegefty xmammnents (BPitieh 

19). Ae &he reduotion prome&, the owrent e f l l ~ l e n ~  falls due to the 



To p~odusn a faat-settilag. g?~oPpdeSrte of UFb from the U(SOQ):, solution, . .  

U(904)2,b.B#l . . l a  ehe eolld phsoe in equtlibpium a 0(m) eulfete  

solitlon a b m  TO%, it ie ~o @li@tQ soluble that a preaigitate forms 
. * . . *. . 

~ C W V ~ F  a ~ ( n )  ~MIMX sa~ution camtaint- mare wum 5g./ioooC LB heated * 
to &emparatwe. It wa.a fomaP b m v m o  %hat ~ ( 8 0 ~ ) ~ . 4 ~ ~ 0  d t e e d w e  ., . 

in aqueoue hgti~~l~uafpie acido E+UQ ~uagemiam of U ( S ~ ) ~ O & ~ O  can d a o  



i~ %mated.gPftb Bees %haxi two mole8 d' 1kyblrPofluOX"lo wfb, 1% - f e u  , 

ch-~ solon. (wft~~h 241, 

U ( ~ 0 4 ) ~  and HP in th. ratlo ol'1:2. The bmteo l d s  thuo mat Be 

~(60~)~. 2EF; br eraalogy BLth other qudrlralent want ru ~ODB~~WBJ,  in 

which unmfwa fe I $ n m t o  ham a ea-d8zm%'barw number of' efns,'*o 

I. 1 atruoturu; 2'i~,-9t1 probilg i~ Hg u(so~)&. ~ f '  the amplox doee ' 

have ehls comtitulfon, it ie an acid, and it should be pwslble to.' 

p - 8  f r o m  ~(804); and W. 

The dtabilitar of ta. bas been etudied in 

some detefl. - .  Its solutions give test fa 'u(111) (e. go, . . 
. . 

/ '  

p o t p l e a t t ~  oi ojo(ca1~1 . %,.. I*,. . m e m i o m ,  Uu 0-p.. met 
'\ 2 

mrbfW di~sociatad.%nto UP4 arril U(SOb)2., 1 1 ~ ~ 1 u d l f ~  the ionic at.- 

souiatfom of' the eomflex, HP and af U(S0b)2, the f'ollBasixkg equllibra 

When s b d  a eobution li dlovid  to stand (at a4p temperat- between . 



ehauwl that thde ie, not aueed by p r % l R P  &&ation of U(TV) t o  U(VI) 

by sir, buti l a  probably due to  elw &saangoeltlon of the aQIPaplex: 

A$ 509: m l y  W b  preolpitste@ af%r about 48 houra, probably ae. 

~ b 0 5 ~ .  The U(S04)g Popae81. acaoa?bw to e@~etlon (24) rexmins %n 

eoPukf on, e m s  a e t a h w ~  U(80$)2.882~8 i e  the etable lsolia 

$me at *mperatwoe up t o  7040% PEJ h i m  eo%ulba+. A t  ~OO'C m- 

e,ipitat¶cm of W ccmmnuee in ons-kmlf hour. A t  thfe tempgrature, tke 4 

lta* of u(s04)204q@ is rea<rhe$,W40E@ and U ( S O ~ ) ~ . ~ B @  preclpitatee 

It r a w  o b ~ e n e d  (CEW 3BC 2) that W4 suspemirxm, rrhleh hare been 

fmad vlth ertalf"ufffo acid bar a @hart t ime,  8lesolve when the aold Pe 

diluted ria water. Zhle asn be intsrprebd ae~ a8dltlonal evidenoe 

i -1 for ths formatfan odP the emflex H2 u ( $ O ~ ) $ ~ ,  6 
/ .  

ie extm~1~lg Bfffletalt %o filter and wa&, To obtain a c ~ ~ ~ t d l i x m ,  

eejsl&y filterable uranium tetreJluoalQe, the f~Uoviw pwee@~re h a  

kma fomd ucsefil. 'Fhs m c q d m ~ s r  p~igf ta te  ie suegended 1n a i lute  

~ d a s ~ u ~ c  rsold (0,1 to 3 per cent) for .a period fsoan s few 

hours t o  a f6w daya.. Tile c ~ ~ ~ v e r t a  I t  Into a v~umin0ue8 eosnetbee 

@ j l ~ % l n ~ w ,  mee c&' 1- a l n ,  allky, t q u o f  tae-cdmed mo&lec. When 



M c l a t  w a n ~ u n  b t ~ u o r l d e  can bc &tad ' in air at 100% t o  @se e. 

&&ate& uranium te tmuaBiQe a ~ ~ ~ x t m t i ~  eh. moaoh-h, W4a208 . 

t o  air at boo% uls mter o f . ' ~ r n ? ~ a .  18 B B P B ~ ~ ~ .  

but -@mm fe sw~db~xmBb@ 

fng In a st~eam oP inert (nitro-') at '400~~ b e  been tfieb but ', 

a ~ o r m d  bocsuae. the c ~ i e t e ~ t r ,  ~n ~ ~ i m i n a t i ~ o w m n ,  tmwe . 

of which duff ice  to cauee , orrtdatlcn. Dahydratlm of the ma-*. 

m . ....,, :,+r.,. 

hy&qpn. ~lvoride , aeir format ion to a wry. narbd  begmi 



met of I t e  madfly wtthaut .$%do ps&fon duBcpng slow heating 

at 200% la vmum (2 m EIgg p a a m  ) far m t y - f o u r  howe, The 

laet taaaes, howeverD 818 alitnll~~bted only 8t 500' -550~~ (LULM4olumbia 2). 

0 e c a e i d l . y  . . uf hydro~n  flu&As found in the exit gzmee 

mxtg ~ t S L ~ .  1% fer advleable t o  e w o y  a~ gcxd a m u m  a~ 

more recent study, W I .  2.5X20 i a  beat de,hydrated by heatlng in adl-brws 

QapOgm f l u o r l b  at 4 5 0 ~ ~  (8azn4olumbia 3). Th. &xy&ous soduct 

mtalm the volm~oue  apparame, of ' a e  hytlmiet~ an8 thesefore b e  a 

1ov bulk kuJ1ty (1.5 &/eelo 1% r e - m e e .  muoh mom &i)y thM 

. . 
W pmgamd by hi& ~ m p l p p ~ t ~  h~oPhucrp.Lnatfonr, me  leg^ rjurlpaae 4 

2 
-a (6-8 m & tho dehydrated leate~ied it eepeoidly suitable 

far heterogmeoue nseatima (1 .e., 'peeparation & m6# m5, u ~ F ~ ,  etc). 

me ilee1rerbillity'~f Ihevlng BF p a a n t  iin the atinwphem in \r"Bf& 

OPq is beillg dried vlll be JuetIfleQ In Seetdon 2.6 by shoving the 

-m3bstlw ems vith whioh W4 can b. hydr01~etl aoa*Mlng to i t 6  t h e m -  

Qmmlc proprtise. - 

2.3 m ~ ~ % i ~ o g ~ m i q m  ~pafli).&cb bg Vapor 2hme Reaet%w 
. . - 

ww1eibl.y ~m&erlxmr d l  m u n t a  of taster, an8 often coansfCaer8ble 

lsrnDun*e c$ oxy@m1- vhleh -1- eSther from a;lrldatl@n e;k from 
$ 

bydrolyeSe during doh jdmttsln, Other oantamlnants such aa ttmr, tint, 

ap rsrulh -em%sl.ning aaanplnBe (e. 8. sulfats) my alas be ,present. 



. !the m a t h a  zpow t o  be' Qeacor"ibb tiwe -ittar attsp&eiQ to the yr~pzzatlon 
r 

of an oxy(pen=fme eohptkou~ producto Theg oonefet sf the treatment 

- uauaUy anhydlroue PayBPogen 'fluoride. 

. . . . . .  (a) Pro-ticm of IF4 ~ ~ y ~ o t l u o r ~ n r a t l ~ n  of W,. Ihe pe- 

. - 
I i - .  

,-5 / -- --_- - - /- 

. , 

' 

.The =&action ol 0D3 is carried out at 600~-TOO%, 6lnca the atato 

c .  ' of %he U02 lPrw en important bawl= on %he rake of the next reaction 

\ - . I t .  Tbe Potrer tihe tem~mture at vbich tho reduct ion i e  darrlea mt, the 
. J  . - 

' I  

-*/- - . , ,, I - 
mare reectim3 the dloaclb will be in %he hydrofluwl~ion etep. The 

. - 
\ - 

I , Lmpartx%xe of  the par%iols alze of original UOg prega3llatlasr m a  

, 88p@ai.eeb bj 8. Pr%~st. bwge paoua nodules of tr%oride e m  the most 
\* 

.; 

. 1 ,  ,, ) sat1afaota"y (SAM..Colmbia 4) : Bigw UQ2 obtained by. W o @ n  mauo- 

tion realu be x?e-ald%zcsd even at 18 *o 

ft f ~ a m  ccmtaot *a air. This l e  b e t  achlemd Bg ~ppoesedlw ?#la 
. . 

tlne wdrofhuar°ina%fas in the erauarre appamtue irmnedlsbte2g after re- . 1 . .  
2 4 ,  

1 .  auction. ~ydzauoriaatica t. uou~llj p r i m a  at 45~~-5500~. ~t 

- ' is a relatively alm xwaction and it! ra& doee not ahor much tan- 

i 1 '  

J 
* % A n  experrimental determination o f  A 11 for tihe reaction in %he - 60b-80o%ie-k2.08kcal  (LoeAlamw,l). 

% 1 .  



. . .  aa 400% and at3 hfgh se 650°c hawe beem employed, but the optimum ten- 

Q&ogen flumfb fe reoommxlbd !FIX@ ~ o f l u ~ l ~ i ~ ~ ~ t i o ~ 1  mactf on am 

ba ~~~rlamsd, 5 8  cogger, nickel., mml, lilmlmm ox° m!qperji\an! equip- 

, product l o  q u i m B ,  the bcat oo13hLnlq the tmmium cuc1il.e ~bould be 

w o t s ~ t ~ d  '$2 a -Nib hmafregl' to prevent flaloee of copper or nickel 

with h ~ o g p n  a% ; two houre ~ m n ~ e & e i o ~  a* $58%, and two 

as t&e initial m&w%aB far'the pgmmtiola wP WG. The ueo of %he 
5 S5!1: 

aaeily avaUaBhe Sntemmtaia%e aide, .U3O8, depnda on the sapletion 

I .  
I 
I clalora that U308 cmmt be beb.~e&i to 110200 by bydrogan wader ths 
I 



~ p r a s m ) ,  T L I ~  reduction' prduet o b e a i ~ a  un&r t h e e  ccnditioas had the 

sgg~lpel8;im of Im (or UO~; ~ u o ~ ) ;  when trwafeb. ath b$dps@n Eluoride, 
2,&4 

m2F2 is e very un8e~imBbe i m p B i t y  if ehs m % i a l  iti t o  ba used In  

Remr Ters8sgaeee E9ertmm Labcwe,tmy fm~tf@t%om fndbeate &ha% tihe 
. , 

* reducttall oi ~ $ 8  scow at' W2 ~h OW if wj% g n d o u l r l ~  baen' 

) eubJeotoa, t o  t ewx?a tms  'above 800%; if the u308 has not been heated 

BPm Piha ~%pameaon of W %t iw a6.eaa'kils $0 ounwr& ie fireit .i;0 tu%qr& -- 
4' 

nitrate and then to UDg by oalcinatim at mOO; or, the 9% ~y be con- 

b b m B n 1 ~  the bulk density of Wlo rsact4.m a&ict (CW-TEE' 5). 

ma thc Dode oi g%Qqp.mtIon.. UO) orM& bulk density oen b. p p e n d  
0 

by tma~tsngg V3Q8 (im~npted at 725 C and %hemfore &me) w t t h  B& in 

%he km 
of high bmfty, dbaeotih88" rntaoCa9 which x ~ q t 7  b wedl t o  obtalxa Wb 

of hi@ dsnelty, l a  $0 sinter the M1 at tsmpsmt-a of 825°-&50~ . 



ahartem the l i f e  u% the mtd. reactore; Xoesree by volatilfmtlon also . 

end BsBsomn Fluarlde. The Temeeeee E a ~ h m n  Leboratory has recently 

, . , proposed a --step proeeea far the preparation of W b  whidh ccasiste 

In peeing a mixture of mmmla, anb hydrogen f lumtde wer  uranium 

trioxibe st ~00~-750%. (OEW-TIE 6) TJI~ reeretian l a  very rapid, and 

r d u c e a  ISb of high purity. h z m  th. point of flew of the c a m r s l o .  

yield, thie ammnia-hydrogen fluoride procedure i e  dietinotly euperior 

t o  the om-oteg hydrogen-hydro~n flumldo reacttan whtch ha been 

advocatad by vasiourp warkere. 

(c) Prenaration of WJ, bx R e e c t i , ~ .  o f  Uranium Oxidea w i t h  nuo-  

oxldee a n  be convertedl t o  %luoridee by reaction arith fluorlraatetl hy- 

dlroc8pbone (Buff aadl Keim, 1931; Heme, 19%). Eren, H a f i h ,  a d  100th 

(1942) f l r e t  eranlnsa the bhavicp of W3 i n  the preeence of aertaln 

fhmrInate(l hy&occ~bom. *ir rseulfs agree hll w i t h  the later,  , 
. 

iwre e-nded lnveetfg~atione of the &own tiniverelty Croup, who have 

developed mtiefectory mth& for the prepaxatIan of UF4 by the 

wectian of fluorixmted hydpocarbw vlth -l&e uranium culdes 

... 
t ( B P ~  3,4). The W t y  of the protluct obtalnedl hae not ae yet been 

1 

aeeeeeed, but the method a p p a m  t o  have certain advantqpe The 

apparatus required i e  very eim@e; a a s e  can be used althou* graphtte 

fe  perhapa pmferrebble. The maotlon appeare t o  be applicable to al l  

oxldee of ummfurn, and the pmluct, which dlffere i n  gbyelcal ohsrac- 

terietioe 'from that . obtaineb By tihe hydroen fluaride procedure, may 



Be m e  Btts%r~p.Ble for aer&&.n pipoeers. 
.A 

!Ehe m8ulte obtaixmb . . with a nmbr of flua8~1nated h y t b o o ~ b ~  

a d  m . r $ o u ~  umanfum 'bx%$e~ ma @VA %n Table 2. These exprtmnta . . 

rocarbom were cmefu2llg &%eb by pee- ogpgp ph0~9phoms pn%enii&e 

Xxa the cams of l iquid  flaorocxwbanne, their vapors were delbivemd into 

Ths most eucoes~ful  ion m a  that which ueed 00) with 

pimted h@roarbon com&e@ s i l i ca  to  a. Iebwer-exkxat a t  high tea- 

psratu~oe than . . any of the other materl~s tmest igatsd .  mb o i  gooa. ' 

(&em 12) w t t h  UOp, but the pra3uct has a lower bulk deneity than 

$hat obtalmad from Freon ilk, ma often adheme tenmioue8~r to  titi?. 

%!'me of. chloPine, and very lfttls vola%ilizatia91 of umm%~ar-chlorln: 

cornptmntb mews .  

1% has &ma@ been m e x t t d  %ha% polBePleB graphite f e the 

most euf tabbe ~tmoturaX material fore PBuorlraertfon wtth f l u a k ~ b o n ~ ,  

~alsim' fluoride fe  d e o  suitable as n boat matarlab althougta 1% c e m ~  

t o  ebs'brb W b  at hr@a tampratwee (Broar 5). Hotals attaaked 



empo- CwnPefa3. BOP. 6 x s f b  
set. Ham ' WP I ,  . U03 . 

d: 
.......... ... . . . .  - - . ? , = v - - P  - - 

. . & 

C B C ~ ~ ' * *  Reon i3 8.9 ?Jndergvae ex-txmive ~ o h y e i s  with mch 
&patt%on of. carbon. 

P 

. . . . . . . . . . . . . . . . .  . . 

*Seem t o  give more eolubBe ehlmide than &ces Fram 1116. 
**Hi tube ,use& eince WtlF m e  er poeeibae by-yroauet. 



ir a p p m a ~ a ~ l y j  nic~,.coppay,  mom^, platinum anti s t i i ~ s s  staels  HOB^. . 

304 and 216) em' corn&&, en&, in aaditfcm, thip prcnuob pyrolysis 
. with depoeitlom of &on. Stlice r a ~ ,  is attaokad to @om, 6rtant8 lwsst 

cb . all . by Freon 114 anb 12. Xn order to facllitak the metion, 

a rotsting Hh t y p  of maotot ha. been cmatructeb in which the rseot- 

ion xnwe ie kept in motion, oontinuouaky exposiq fresh e w f c e .  A 

p @ i t e % u b @  i e  rotaeea in a siaica tube f i t ted d t h  .a ,fpphite llner 

to present attack on the siliur (&own 6). . . 

The aot lon  on UOj ~ f t r i o U c a ~ o r P m e e P a ~ ~  C C V  (ban 11)) in 

the lipuia phaee also has been examined; reaeii06 for OQ~~BT.' hrr?ra at 

0 
120 C pave a 94 p r  cent f ield of a water ~oluble  product, peum'b1y , 

mg* (Brovn 31 0 

(8)  Preptwdiian of UF4 from U w m l ~ P l e W  or IIB, 2 .' by Biigb Temperatwe . . 

tet&ucQl%s by two *&eduree. Ihe  ii*it ueilizea the two 

adlent aom@ete coxkernion of the 'hgdriae to eetraflumtae, thixou&. 

agitation a f t h e  e d i d  . . ie neceeticqr. Atempe,mture of 200% eeema to 

ba euiPicient f o r  %he eeo- step (N P Amas 3). HirPsiver, in a otatic 

s ~ a t e m ,  ehs nwotion c~ hp&o~n n u ~ t a s  vlta wmaum hpmae . . EL% 40% 

is rerp incomplete due to c a ~ n g .  If tbe hp&ic%e 1. aeconaposed at 500% 
. . 

%he m m l l t i ~  fixmly (PlgPbb metal ie %reah& with BpSrBPoipn %ludrPe 

I a4 the e m  ~ m g e o p g l % u r ~ ,  it fa ~tarimd t b t  eood c~~~~vereion to uranium 



t sW3uof ide  fle obte%nad (M P @If nt~n P 1. 

f i u o r ~ ~ t e ~ s  place on o w a m  OR the maseiro ktal vith t b s  ilbr- . 
atfon of bmu@ heat to the'brnpmtvYe %B a p i n t  &em %he mk 

of ~~~ fomatiaa f EI neg'ligfble. ('Phf e r a t e  fall@ off rapidly on 

aplrporcaing: 430%; flee OhnF., X Z X ; )  ~weqiamiti~y, in oreIer to allw - 

gumtiief er5 of. ~~ w e  h d e d ,  m~cUylilia1. agihtf on m ~ t  '$ep -usad %Q . 
I .  

remd'pp8 thg uraniuni te-uicrziiis e e a s  se it (Y  B h e s  M). 

W i t h  thesm pramutfmm %hs ~ t ~ ~ o u e  meotion of m o w n  aazd 

h@roge.n fluoridle fle n m  regtam3ed m dof%nikvQ etapapfor t o  %he 

P n  which uranium b M \ a w i &  a p p w 8  aa a proi2uot w e  not i m p a r l a n t  

EM p p m a t i v ~ ~  math&, but m y  ba wt4d In %petal eaeeBo 

(see reaction of UHj wlwl aP, Chap. VlSI Ssctlovl 2.7a.1 pate that 

t e ~ h u o % l d ~  i e  forma sather than *a% txPif3.uordde. 



expected rsduct~oa oeiure, and at 800% W4 tis the main poduot ob- 

t%fa.eb, me mmtim iEi gu%ts rapid, 

(a) pran%urn (hides 9 e n d u r n  ~ u o r i t i e  (CEW-TSC 6 ; &hllfnobo& 

. .  A t  ,lower temprattares (b50%) : p d u o t s  of the fypm EE~ h 5  10 an, oBtel?ed. . .  

. 
In carrying out thl. r-tion, it is ~ ~ s t i i a ~ y  to pass the ammium . 

. 
fluop.Pae mpm over oxide;, hfm@e 5~eion 14 fm&fPeient. . me . ,: :' 

eeeential sf'mil.ari%y betxmm t21f e groeedlm an& that de~urPb& &we 

! .  , aa~~apeous b o g e n  f l u a r i b  p a e e b  quantitatire~y at roam te~li.pratam 

t o  a r e  e aesp-gmed, e g r t a l l i n s  ~ g ~ u c ~ t . ,   be tetrailuoride obtt~inea 
. . 

' . le Po~'toneteinocneiderabBequantftles ofRJ&o~nflupridewhioh 

can not intirely mmeib even by p~o~oargga pumpfng atroom t e rn-  

: ( e )  I& i k t i r m  from m6e (See m6, Chapter XIXI) . 



et* of a peut~o-rrmml~c w p t &  &ovlw (320) end :(XU.) faces s e l d e d  



me epac. grTp',is c 2/c ( ~ ~ ' 1 ;  ' UQ~, 17 a u s  iacmmghoue w i t h  T W ~  

cab, &Fh, (M Ohfca86 6 ) .  me x-ray etpueture of en- 

W o u e  i b a  tibe - 9  PaBaeWer the ~bx-?,%i~I .is p ~ ~ p w e b  &an queoues . 
4 .  . 

a o l u % t a o  OPP obfbaimtl By Bt@ hmpm- ~ ~ l u O X O % ~ % f ~ .  . 

! 
The d e d % y  mdmalakd irom a e  x-ray date ie 6.70 p . o . L o ~ ~ ~ .  

h e  $.emP&~.'of' waaium % ? A ~ u ~ Q . e  t2ebwmQ by fsmago@qton 888' ale&& 
- 

1 .  

agueounrs solution and &led below 50O0~ l e ,  in ~ ~ x L B ~ J , ,  ccars!demb3-~ . 



. J Ro data amar t o  be awa.%Iabh cm Wle ~ W w t u ~ e  of ehs -+@. 
! i 

' - w ~ . E ~ o .   he ~ h k ,  2 ~ 4 . 5 ~ ~  is orthoxhdtc w i *  e t a %  m a i e s  
. . ' I 

1 

. .I p s ~  mi$ e e u  (M'P chicago 6,7): 
. -  I 

/ 

% m,12.75 LO.&%, ' u . ~ S ?  9 - o.o&, a> ~ O l b ~  . . . . i 

1. 

lChe aopppkd 6hne148 is b.7k$cc. llre a % d c  positlrms aps: ' 

b Va " " ( ~ Y , ~ I  (t4 9E.* i),=-~~#*) . . 
, . 

= '0.095, JL = 0.lb 
. . 

k n  in+ [xg2&)  (x2+LI  &-x29 b, . . 1'16 . . -  
. . with xp = -O.Oa, ye a -O0139 

me egaoe group t e  kmmi? . . ;. 
. .* .... . 

. . '; (a) mnrlr c l9ata.. -m-p. Tlae ~peific heat, en.eSldLpg snb entropz 

. . 

me e of llPb uwd. km-imd 2 gn. ?en% W$Fpiif %he heat r a p t -  

t l e e  of Wb md WO U OB not dfPf@r by m a w  than, 10 pr cent, an es90r . .  . .  
2 2 

. . 
of only 0.2 pr o@n% could .b miuie8 by a t e '  9mpuri%y. The eaJ,&mter 

the exprixmntd. poigate, (See Pieo 2) 

The follbrring %hem&&& data have been obtains& ,a% CC?PWD?%~ . 

' 









anCn the he& of h~dxpe~ion 02 W4 sad ocoablnillg tbtjmwlth a e  heate. 





mehm 111162x-t mbebme. In f t a  *pleerF, pmqerttee, f t maernBlee other 

b t a w a l e a t  %gucrribe, pttisWu the f emmpbous eompounb ZrP4, EfE4, 

nnd W41 The chenical dllferenaee nrtse fl.rn4.lqlly fkcm i s  fact  

.that umalwn ma extat %n a manbar of' diWem~h% m;rheme & a b e  aemae 

a e  other eltamnter era ext%ueively tebziaenk. 

(a) a .  s o . ~ u b i l t ~  ab in waGr at 250~ is appcplmbw 

0.AO 8 or 0.14 adllfmlea ka' Hter (SAn~blumbia 2). It8 mhr eolubl l l tg  

f e %hue of .the ombx- of magn%tuCIe ag3 that of aQ.obum f%ucarib. 

Br%t%elh workera mp&eb. or eohuBf8itx of QOO d l  (PP8pd$ieh B) , The" mat 

mlletB1e value@ far %he eobublllty aQ Wb in H20 probably s%e a o e e  af.khe 

@re the eolublli4q at 8'~ as O.Q& p e ~  cent by mi@t of UFb, carreepcmd- 
-4 

iog to 10 -/liter; ~IW s o ~ u b i ~ i t q  at OOC t e  3 z 103 de,/~,iter ems 

at 60°c, 4 r loo4 rndLe/~i%er. The eolubi1tt.y ' i n ~ m e a  when h,y&oP1uor%c 

that tm me$ ae 85 per cent vlU &eapooa go into t~dutfcm at 

tmqm~8tuxoe fn twenty-fm hbwe, aPzd U a t  c o c n r e l ~ ~ s  react% asr Q@CWEI 

atthe b ~ u i ~  go-6 tn - h-. m p t a  a t  UEUI~UI in 



csu& solut~ws m e  .no l qp r  in -.the %elp.vehbent atate, One PeaeoQ, for . . 

&B d - ~ e ~ i m e ~ o ~  nqy that ~ ~ r w 8 3 e  &'L%IB~ worbm uesa 5,0 dl00 oe 

tam31 awmti~ CS exostw BzytlrufRlrorle m%d mpwa hy&olpBa, awl e v i 4 e a d  . 
by ~ l e  suoweetul .mcipitiat..icm o~ the t e M u o F i b  irom boi~ing.queaue 

by ht@ b~ilgieratwm ~ ~ 1 u m ~ l l p a ~ L c e a p .  

( c )  &ern. A BireoP dekwa%n&$trn of tbe equtlibrium 6autant of 

e m l z s d  ,in % ~ b l e  5. 'Phe heat of mmaticm8' whloh. Pa 8exwlbl.y omvltant 

in th i s  tempmiurn *,I. &oulatad t o , b e d H  = -42.08 kc&. 

'I* ie a ~ o u .  a$. ti ~ i u m  t e ~ u o r t b .  ii timate8 w i u l  steam 

a e i  c m ~ i t i ' m e  -8% ,ms B W ~ ~  ts &pt out ' ' 

.,. ! . 
af t8e &@tern, the tBtraf1~~0.id.e wlU Be ' converb&, t o  UD2. The kquiLIbHum 

. < 

com-ts show that ' hyi$a°&yeie of - the Wb ba & b a y  m,~*teed ~ i t h  
, . 



parison of '%he m. emr@s. of ~ ~ ~ i p :  of all th. mtal f f u d d e ~ o  

. . E[ow@mr, P a  a @mr&k wy, all . . IWW flu&des faU ' into two aibgoriee 

. 8 , . .  

(b) readtlr by&@mb1e' Pluwidee of *I- and kwat~rat -%%coos, ,. . suoh .' 
. . . .  . . . .  7 . . 

..< 

&$y m3, wb8. ~ 4 : : .  ' ~ x ~ a ~ ~ ~ i g t i c ~ t  of eenrgr fl.e* . . ' 

. . 9#' ' . . 
. . .  

h y s ~ ~ i j t * a  m , ; l ; t r ~ .  of lJl?b to 500%, $0 ti. value rb a Z! o 3 + 2.08 500 c . -  

e n  f~uoride atmosp~ere rrhsn h y i ~ ~ ~ t e a  wb ie bing art 500% 8 a 
euggtm$ tibrat %he bh@xati.Lm ehouSLB1 p ~ ~ f e r a - i  %a cem%$dL a% lmfp 

$ g ~ = e ~ 6 3  0 

The 

tmma e@m%&tvi%y & 4&e ay'@km t o  h u m e  of acy@an0 . Should a e  '&eh@m.- 
c 

.% ticp proceae be ]Long acntilnwd . . aod should even tmme of cklg&a o* ~ & m d  



' . to U 0 by beitf on' %n air, notad that %f iiyxatm of alp m a  p- 
3 €3 . . 

wn-4 Qee~~np  in' a c W O ~ ~  obucible), I F Q ~ ~  woaati tm 'o~ta-a  on, . 

18661' saiaeu~, 1883)'. H- w o m ~ t ~  ~b w been pepma to ba om- 



(45) m4 9 o2 4 up6 + U O p &  

BY WQPH- i n  metell la apparatus the m.6 urn be coneotea. (A detat led 

b4ecwsiu.n of th%e ~ e ~ t l ~  w l l l  be foundi In Chapter HI1 In the'eeotiolh 

bs~ing aim the yawpxaficm of m6). mace o b e e n a t i a  shnt that 

i@ltlm of W4 fn air i e  Imdvlmble slace appreciable m t e  of , 

uranium may b l o e t  aa the vo la t i l e  hexMluar%8e. 

Chlorine. (Brown b; M P Anme 15)- Chlorlm ha6 very l i t t l e  effect 

on W4 8% 500'-675%; the ell@& m a t t i o n  obeerred can be a t t r ibuted  t o  

q g e n  p e e n t  In cliLoa*Lne. A sol\ation ab ohlwixra fa &on te%rs- 

ahlmlae has no e f fec t  an W4 at 125~330% (nine hour8 under pmerrrure).. 

The saa l t ion  of m15 b e  no ef feot  on thie reaction (Brown 7). Fluorhe 

maote w t t h  UFk abhor. t o  glre the hexafluorid. (M P Chicago 3). 

(see ~ p ~ ~ ,  XIlt ) 

(46) m4 + F2 m6 

Cobaltlc ~ u o r l & e , ~  C I S  oconvert~ ,UF4 t o  06; a n t i m a y  mntanueoiQ, 

- BW5, (Dupcmt 2) cm the olher hand, f o r m  an equlmdar acaplex v1.m umm- 

PU t e t ~ ~ u a r ~ ~  mioh ie t h e m  st- up t o  200% i n  vacuum. men 

the su@ex l e  Beat& t o  650%~, no noticeable puentl%ies of volatile wan- 

%urn ompovn-lra ap9 prduusd; fnotsa, 15 t~ 20 pr cent of wate~-saluble 

wz.anlum complound,~ are f utmd f a  the residue. The ocmplea aeoompoeee In 

water t o  give ixmdltdhle waalum ts tmf luaplde  asad sdluble mtimrnryr .scalts. 

Dridizlng acid. blesdve lIF4 rapidly $0 glve uranyl ion 's~I ,ut toa.  

Fuming prehlorlc a ~ i d  i e  me .of' the b a t  reagmP1a .for. d f s e o l v l ~  the 

tetrsfl~aride. IliW20 -18 attack8 W4 V- ~ l ~ u j  the dlditia. 

a* (ae w a l l  .as af other wtda 1 by fluos?de lone ae they fae?n: 



aa proUa%s' -18. Xza b,y&&rno w i d  eoluQ;iana the edlubilfty beowe 

0, - 



in 3.2 'l E X ,  B e  sdBe%%%%m of' .bm8e2 ae88, a@ b69. 'Been  M MAX& abm8 - ' r 

a?&@&. o - l a % % - B  fa'dx $0 -88, 
. . .  . . 

(am be%%m 3, ' ~ b p k w )  ' A%&@ c&n (81 P Chi Uj 



(8 )  Complex ConwWe of W4. Uranium tatxaflumlb fame a aeries 
, . 8 

. . 

of boubLe e a l t a  wilA n~ta2 il;ucwibe~. C- of thle type were PiPr t  

tmapotmd Yhen a -1 fluozido nolutlon 6ontalnbg potasgiupp.fluoJibe and 

Sluaslds caa also be effecteb (in $he peeme of eunll@t) with alcaol, 

ether,' QX, Bfueo~e (Aloy aPrd Rodicer, 1922). Ih each cam a m e n  sub- 

st.poe, reegbll& UQ rather oXoeely in appearaPoe, is probuced. 2h.e 

compound melt;s In af.r wLth evolutLcm of hydrogen fluoride; after long 

acort.lnuo3d hee%lxqj, a zmo1W of potaesiua or sodium urtmate mmlne. The 
1 

tnsolub3e 1 2 1  =tor CP d l l u b  aalda, birsdam 83awly ia o0aoentrabb W- 

Q r d a r l c  atrid, cad dlssolva in hot o ~ t m ~ t e d  malfhrls aold wlth 

a. ma, az9l Xp,. 

The e,natm lie-Ulj, hu .me noently mool.wd clwsr mtudy (Phnm 

8).  me mthoile of fRe& wi#'lmte amre s ~ ~ o p w i g  and it mm mportod 
3 .. 

tbat only aru om*, OC~IE'~ fa.p.# 9 IOB) ex tote^^. TWO eutectio 1 

m u m s  beteetsb, one id-BntU!' b e y .  600° 2 1o0c) at 26 a per 9 
cent of W1, the other mW -W (m. p. 6f0~~10%) at 67 gap cat QI? W4. 3 4 

1 



I 
1 -  ea!taa'&m, 6 met & BBX .~wantwis @taimO d five ~ o t o  of flu-. 

~ Tkie a% of the '@cxIium.& umnfm atom t~ %hati af cafme- 

cgnbmd, psou&okubie ~att iae La &I& &rerp t-htrtmnth site is vacant. 

%%s W ~ U ~ Q - W ~  ie s rb&&&opp with a POI- rO/ay tam, 
I 

c e u ,  &u2& &lzf@@loppo~ . C 

I 
I .b 5.72% and 0 ca gQO 518. ' 





- ' . e l b e  (000) , [ fe@) i-%gl) (Q&@ . %Qm &BO 8.0-8.8 f l ~ m -  at- 

par'unlt oeU. W %hesei e%@% ~umb a%mm - at 2 (l/r, 3-14 ~144) 

4 3 4 4 4 5/41 (g/C j/4 1/41, %hati is, they occupy Ph. anion 

Ba%b~ of ~IMw%$@ @ a ~ t U X ' @ e  The ~ X W ~ B B  f l u d m  atom d i ~ -  

wbutei i  ae m a p  the . i t e m  (OOb) (OrjO) QOO) &&). mi! &PUG- 
. . 

ture becoa3a unstable relative lo WW9 if mse Wxm 20 osnt of tibee 

afb1e wmptdo ' 

p 0  ma 02 eh. ~w~iti~n %%p6  re &+nclhea, the 

~ a d u o t  aope&sts of k o  ~MQQIB, a-Pe25, ant3 the ner @am paa2mPg . 
p-He2mg bra halw&m%l e ~ ~ m * :  

- 
' 

a, = 5,91b 9 0.01 A a3 = 3.74 4 - O U O l  A 

me- .a@ a m  ~ O I I ~ O I A I Q  pr ~ i e  Q ~ U ,  a & ~  ~ c a e a t e d  den~i ty  ie' 5.71s d o o  

6P in 2 (u*) (&I) (UUV) , u = 3-33 
e = 0-23 

4 - B E . .  The oh&& coqm(~~ l t ion  of %lo plume ie sharply 

&%iwb, and 4 2 ~  om- Ora OWXLIPB~~ %a fcma whesn r e r ~ B t e  of %hi@ coat- 

poe1t.fw w e  00dredi without qwmh%qgo %%@ phwe exhlI$t@ ~0x"hOBBbl~ 

r3-*3,,M&h' . .  

5 = 5.56 + - 0~02 A, ep k.01 2 0.01 A, ag = la ,& 2 0.04 A 

me- a m  tmo d e c u l e ~ ~  p r  &i& aaU, the ~adb0ullat-a &maitg de 5.06 d o c ,  . 



! 
I -31 - 

B%ea W !#!he &exlg.&e#%l fsmmXa fw %hi@ @.LBB@ b @~pk~scsed 6 % ~  -me 
4%) V & B + ~  I c  the 0(1(0.90. Bar x - 0 the 

~aqmf$fcm t r  BsWT0 %@ ~-d, & %he htt'9ee prPeadier 
I .  C 

V&y Ida 8. %BOP %he @X%XWTE? @Ed@ O f  $- .&h@ -hk mz 

x E B ( 9 @ ( d s e  1 

&W. Table 7 gives Wm'@me s v f . & i o ; a  of-malt@ ia egZe'bp%emo KFoIV'~, 

~e X-w mtauqp=ai~ data muel= fo ~ ~ G P B S  GUW' 



Becauoe of: theis low lnslting polnes (as e-d t o  UB~), the ileF-Wb 

snd BP-Wk .hyskemre have moeZvedmu& atention as poeelblg elec%rwesa 



L -Do. of 1 % I&abe%t0ei r n - ~ i ~ m  1 a e o u Z e ~  p r  I bwlt,y I space 
awe * smm I "3 3 mi% a@= / id0.i j *our 



3 Uranium Bntafluaride. W r .  and the Imtemtadlatie Fluoridea U , $  and U&7 
f l  

qm.nim pentachloridle. . Foi a loa(g ttme tilie was the only kn- coenpoU 

~'1% a oaqsrlnsa b W w m  W b  and m6s %cent wcwk at the 3.1. .I% Labam- 

two intemmdiate ccmpo& &st betamen an8 9 3  they have been 

maim& the f . d e 9 9 '  U& aBB U r n 0  The dlsoorerg. of them, camgounds 

formula UP4 but x-ray d y a l e  (M P Chicago 1) ehgwed it to be cublo 
0 

(aO s8.433i) while UF4 l e  mmoclialo and W i  t e t m m .  Volum, con- 

e,lib~e~tfom, W ~ e d  cm the. i a c  zxdiue of' O' in other muifurn ccinpounde, 

aatlon of UOF and it mcelvetl the beetgaaft;fcm "black W4". bars euggarl.t 
4' 

m e  @mn $0 view by 'tPle obaematiicm that "h7,ack UF4" waa ocaxm-8 

to anltarary IFb on otag8lng or by mdexmte hgaeing afeer lnocula%ion w i t h  
# .  

a ary~tal & moncmliaio Wb (M P Chi- 16). 



~ ~ ~ C J U @ I  a hot t u b  (400-&lo%), a aWJ 8~10mt of a Jet Black rsolid was 

c d u 8 e b  thnt a netr crystal mdifioetlm of 11Pq hail been fruad (M P 

A efmlleso mbe~tame WEW rno~un*md by &I.t4& vorb8.e in %he 

uowla)8 o f  canroeion etudbee. ESfld c t w l  amflee e x p e a  $o m6 V&W 

ioPmad a b1ad.c scale with ths cornpoettion FeF2 02W5 (or ?u*) (&lti& 

A c e e t e  etudJ of t h o  Wbn8) + UF 6(g) =action then -80- 

at me W=%&?bfda W D ~  LabwahrLk8f asdl &a& 30 ?,be- 

' 0-l7 ehnt l X d b a ~  E@@B2~3*ttD d ~ t ~ o r a ~  th. Z%W%%O~ Q f  mb a m  w6 

reference the ca~,cu~itea ~ u e s  oi t o m  U, U(II), M F for -1Ae 

?ics6rmml~nt ~ ~ m l u r n  ies themfarna a mch i ime satlefaatapy 1- 09 om- 

pef t ian  (Pgble 9). & Table 10 (M4=blde and Carbon '3) are @- the 



I 

*5 7305 5508 28.5 5.00 50, 0 

J ~ ~ t  q p e m n t  was o b t a t d  by ccmpriw thc chexn%r& nrtiic, F/U . 
wit& the patio &edate& by weset ~ d s ( b , y  seoape ot m ~ )  cm hoat:xq 
ah 90% fm %wen%,y-foun. hoke  at 10-2 m Hg p a % - .  ! E b  we%@% loss 
WEm b039 pmento 



Am.Iyeee of a number of ea.n#e~ of the eub~tzmoe 8ee%mted ae U$ 17 

(f im& detected-by x-ray mthodte) &a&d $Plat khf e sompsftlon -0s 

best w i t h  the mdytiic data (Table U) (W4arbiBe and Carbon 4). 

That am@ee of U s 9  p g a 9 . o B  In dlffe~ent ways haw an %8entlcal 

let$4cs eons-t aa %n&toated &y pcdcl.on x-ray etualea le e%roxig evl- 

dexw for the exi&ence of PL -tawe..6~mpous& ,of a l e  oampa%tlmr. .me 
. . 

exlobnee of U4F17 " a -pare Q- 10 not quite ss bfinlb, but them 

ie 1Ptkle reaeon to BouBP, 1%, 



on %he nr&ftWe of the . W4 ~r&'e,geam% frcag qwme solutfm and Wen Bo- 

hyd~atod ha. a a ~ -  area o~ 6-8 m2/B rn t-a t o  o - b  m21g 

mteriall progeareia hi& tenpmtm hyclmfXumf~atiq~. Tbe, hl@ rsW88e 

$0 b% p f 6 ~ d  f~ ~;spfd a a m ~ t  a% ~ ~ ~ l b f & l r a ~ l ~  me 

a % w @  above 200% when zpP4A~er W5 OF U#g rn the stable gbaaee. 

The pe~atia O f  1 1 ~ ~ 1 d  w6 a % h ' ~ b  has n d  be- @t~dleb in baa. 
The proBuct a% l0Oo-la% io  B-W3 pmmf ded ouri808 Wb i~ used. W i t h  

2~ area or when insutiicieat tlne feo tbe attainmnt of equUiWm 

ie pm?nlttsQ, Ug9 l e  the p3s"d~ot. Thle d i f i e m  In me maettvlty of 

the Wb a m  %o Be rssgcoelble Par the air%gl&l dlscmry of tlu, b l ~ k  

I aUori4e m remove& in er elawm of" nt-mn, B e  UQg pr&~aed ie the 



FIG. 3. DISPROPORTIONATION PRESSURES OF U4FI7, U,F9, 
aUF5 AND BUF5. 



b'fde Par Cent UP)4 Phesc~s -%sent 

6;' [TPq + ww9 

We 3 a e e  i e  crubic fnue-centered. The lattice oarstanta orvy 





ou@1,7 etu8ied; oomwLCkgbBlby it, too, a v e s  dmk-ooloreii prrodilcte, me 

maetlon can then bs sossgIo~t3 by mila Lretmnt in 8 bP.ucwlrse atream, 

3.3 ~epropoxct;iop~atton of Wsapa the Xnt9miihato Fluor%aee 

(SIW-CarbiBe an8 Carbon 5). The ills~o~~-P11on presnves of seeoue 

wer a and B - 9 ,  U g 9  anb Fp17 have been mdeeumd at SAH4ebid.e 

Tire heat oapclty of (a) W5 h m  been m u r e d  at the  Rational Bureau 

thc r s e d t a  are not wry ppwise. 'fhe ralue of S 2 9  obtains&  fro^ the 

heat capsolty 1198eseUF8mnte (45 2 3 eou) ftalle beWen the values c a l ~ ~ u l a h d  

BBow for a - p - W5. The h w t  cbipwI%y mr~saeuremente' are ounmsarized 

in male 16. 

305 Ehmical Progsrt l tp~~ I f  the Xntehdia* 

IFluoridee. PIlpe 9, eithea-a. ur @, is probably colorless a l w e  anplee 

ham beon prepared el& are ahmet white, However ,  resstefial wkthln 

mpticai limats for n hem h e n  preparea *I.& t e  green (W4 + ~ ~ ( ~ ~ 9 ~  
5 

p l o  grey (W4 s F2), or even bpwn (UF + ~ ~ 1 ~ 1 .  All of theee nvlouely 

oolcoad m e a  $Ire z-rsb pattierne rhowlw cmly Both U s y  slld U4F17 

,.,, eolor of them compounds m a  W.ack. Ae in w e  of U308,, f ha :Xi.*=" 

l e  goesfbbg d u  . t ~  a s m e  Ban the o ~ y o t s l  between uranium ions tn 

different valeme etatacs. 





* .  
Bkom KO t B l l a ~ ,  Bureau oi W.xms Bulletin, Ro. 4% (191). 

. . 





a i r e c t l m ~ )  o f  chain. ~ x t e a d w  t&iiniblg in t8c sl2 t%%ppctbcm, oreh 

(b) S%motum of B-UPy 8-llF5 polaee~~ss a te 
+ 

...................... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  
r . .  9.. * .  * *  . .* 0 .  ....................... 



In~rcomremion oi a- 'end B-?. ~ p r m  the equilibrium preesure 

TO m e a t  o o m ~ e t e  ccarerslon of the P- form, hours at  ~ & O C  mr 
be requfm8 e l m e  at b m r  t ap r&PIme  the rate l a  very elow. The 

mmree tmmlo$m62tfon, ia&o #3, b e  not the 30% been achieved, 

(6) Struehue of 11+3&P Chlaag, 18). Thio cry8teta hae a eubic 

a t m o t w e  w%th a, 8.45% f 0.001~ B T b  anit cell cmtsina ei@t 

mo1ecu1cs  la a ado~3.ated ~ i t y  d. 7.06 $oc. A etpueeuke 'ffith the 

@-try 163 m haa b~n s-sted v i a  aton positions ( u s i q  t8e nokticp 

Chenboel Catalog C a r p m y ,  mew Pork, 1933): 

8 Y in poe'ltiolas (a) ~ t h  x = 0.187 2 0.004 

12 F in poaitiona ( e )  with x - 0.225 
1 

s e a  fIlu&ne atan is 1%- to two atam. me three nmxe8t 

three 03' the @I= B &tom aps at o diatxmee of IIrJx 0 2.p 8 and three 
XB 

oaers at 2.9 8. ~y trffid 

distmc18s ces b msb equao since eadu ~ ~ U B O P I ~ . ~  atom i e  baurdl t o  two 

'which cjrbl 0s eanb of flu&- at- a m  bound aimetlg t o  oaly one 

, !the umntum a%~aa are a U  ~ m ~ t u p ~ d l y  equident. The f d m  

w4~4'U$~ m42W6 midl ind1-b the m s e m  & -0 k%w of 



(B ) S L m c t ~  of U?&7 . (WXmbfb anti Carbon 4)" The myem 

rstmetuxw of thfa  c a p w  hac not yet bsen worba out, The BllWmotLona 

*tern mer8~lea a% of' W4 fa a @ma a%ff'~ZV @Ufff~fm$f~ 

in d e h f  l to %e dee%p%ed as " ~ t e Q ~ d  W4", to b ecmBfdese8 at3 

b e l a  $0 a e a f i n % b  C,OIIP@. The bmi&,y of U P [b$ P%qufa &la- 
4 a7 

p&?A-eemnt ) f @ 60 * ,g/000 

, m l % l ~  pin% of althol@ not ,pt b e b d m b  atlth groal~im, ie 

estlmabdl to I%@. blow 10O0c .. %%am Pa. &@o slcma @vBdenos f o ~ r  the vapor- 

inatlon Qf UF5 arfthoue &emioSa -, bu% the bta are n-9 and 

mae$$oszar of the Ila&cs~(alate f l u ~ ~ r ~ ~  kUB of" these em- unb~go 

hy&dby~Pe. ~ I ~ & B Q P B  WQ, 11 $te ,&mm%t%vtey t o  .$raw35 of mi~$um. 
5 

IB rnletafp a -9 aPp&e to IB m ~ v e  ouscsgt i~ le  t o  Wbomle   the^. 

, U F aOpsase bo k, mab mom e M P e  to hy&dpis  than IIF Ln 
21 9 5" 

water the, lilac% eofm of' the scxqmuaad q pem>ost for aaa hour OP mom; 
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B,2 Reaotions Not Involving the U s e  . . of Elemental IPluorAne. 
1 I 
1 

l o  3 P u f f  %cation and Handlf ng of Uranium WexafbwPBde, 

2 ,p Phase RsPatf onships. ' . . ... , 

. . 2,2 Thermal PmpeP%fes, 

2.3 Mechanical Properties. 

2.5 Electrioal and Magnetic Properties, 
-: ' 

2.6 Structure of Uranium Rexaf luorbds ' ~ ~ o l { o u l e . ,  

3, Ghedea8.PropertSles of" U r a n i u m  . . lR[exaf'%udr9p%dse 
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.3 Reactions sf U m i u m  Hex6fbuoridle vaith UetaPs a d  
Otlhg~p &IBte1101%8%8 0f & X ~ S ~ ~ C ~ ~ O I & ~  



rn- 

Uranium hexafPuorids was dlhseovex~e8 by 8 ,  Ruff' mb 

.Ao ,Helnzelmann (1909) Earl iar ,  H o  MoPssan (1900) bad ob- 

served that Pluor3ne reacted vigorousRy with m m i u  $0 give 
- 4 . . . . 

a voiatile uranium compound ; the quantity obtained, however,. 

was too smell for study.' R u f f ,  who had previously studled 

the volatile heavy metal fluorides, &Fg a-3 1iF6 (RuFf 1909), 

suspeoted the ekf:stense o r  an analogous compound of uran%m, 

and succeeded in p~eparfng it . . by 'the reaction of fluoslne 

with uranium metal, uranium carbide or uranium pantaiiuoridno 

We determine8 some of the physical. .and. ohepf oal properties of 

OF6 ( R u f f ,  1911) , but recent uvo~k has neoessl'cated ~evisf on 

of some of his early reeuBts, 
. . 

For thirty years afftoi Ruff's lnvestlgatfoni uranium. . ' . 

. . \ 

hexailuoride received but little a t ten t ion ,  and the few re- 

corded preparations v~em all 'aecordhg to his method, 
. . 

. . .  A, V, Grodrss (1932) prepar~d a smPlL quantity is2 BAs%onBs m~sss 

spectrogmphio study of the uranium isotopes ( ~ s t o a ,  1931), 

and small mounts also were made for various magnetfc.,anad 

electron diiQxmetion stu&iaeo The Bisco~ery of wafm 

f i ss ion in 1939 net-lly directed new a t t e n t i o n  , t o  as 

the only lcnbvtxi stable gaseous aom@otmdof amim. Much pro- 

gress has since been made in the searoh for new preparatfve 

methods suitable for I ~ ~ O P B ~ O E ~  and industry; h %he d@velop- 



m a t  of methods of h a a d l h g  uranium hexaf ltaorf dle, an& in %he 
. . 

dete.xmhntion of the  physioal properties of this compound. The,' 

chemistry of uranium hexafluorfde has not been Investigated vlfth 
" '  ' I 

the'  same vigor, and muoh of chemical interest still. remains t o  
' , 

be done. . . 
. . . . 

I 

1. Premration e e  

~ There a re  two general methods o? preparing uranium hcxa- 

f luor ide , one neoessf t a t  h e ,  e%ther df rectBy OF hdlrectly, the 

um of elementab f ~ u o P i n e ,  the other depending on Bfsproportfon- 

a t ion  reactions . , Preparations of the first class 'are based on 

the  observation t h a t  a l l  conqiounas of u~axiiun yield  lYF6 w h a  

treated w%%h fluorine under approprllate eand%t%ons. Among 
. . 

methods of t h i s  type. -the moC useful  i n  both. the laboratory o r  

on an indus t r ia l '  sca le  are' these requiring the leaet mowd; o f  

f luorfne.  Prepspations of the second class have as yet mosived 

l i t t l e  study, but do offer eonsfdembhe pmnt#.sa f o r  the fu%urec 
4 

f o b  F1uorinatfon of Uranium Com~omB~, 0 ,  %Buff anif 

A. Aeinzelmann ( 1911 ) f lrst prepared . . .uran%um hexaf luoride by the  

aation of f luor ine on uranium metal, or hapbide: , 

(AX = -505 3koal/mole) (See Sea. 2 . 8 ~ ~ )  

Reaction (1) proceeds very vigorously with evoIu%ion of heat, 
. 4 '  ' 



Heating %s usually required t o  s t a r t  the  reaction unPess the 

metal f s f inely.  divided,. but onoe the reaction 'has been 

initiated, it progresses as rapidly as f'lbuez5no 91s admitted t o  

. , the  system, Ruff claimed that gaseous chlorine was required as 

a ca ta lys t  lor t h i s  reaction, and .%ntrodueea chlorine or calcium 
. . 

chlorlde in to  the reactor.  T h i s  procedure was follov~ed by 

several  l a t e r  investigators ( e l  go.  Omsse, Xenkel, and Klem) . 
Recent work, hotn~ever, 'has proved tha t  chlorine o r  other' 

oatalysts  are net ne.ne,t38aqf, (UP Chicago 1; Brftfsh 1) , a d  $ha% 

t he  presence o i o h l o r i n e  leads t o  an impure yellow in- 

stead of .pure v~hf te  uraniuu~l hexaflusrlhe, Reaction ( % )  is Less 

vigorous than . ( 1) , but kequf res much mapa f %uo~~l ln~ ,  A tempera- 

ture of' 35Q°C i s  su i tab le  f o r  reaotfoa . (2 ) .  

' R W ~  add Heinzebnam a lso ,  the reaction oz f~~oiorins.  . . 

with uranium pentachloride a t  -40'~ Lo prepare uranium hexa- 

f %uoride. n e y  f omulaited t h i s  reaotf on as. follows : 
. . 

However, the exact eompoeition of . the  seactzon products has 

not been determined. The possibla formation of Bxplosive chlorine 

f luor ides  is a hazard. Intense coolin@: f s required, and the 

WF6 is separated by d i s t i l l a t i o n  a l t e r  the cornp&etl.cn of' the  
t .  

reaction. Other uranium halides can be converted t o  W6 h' a 
. (. 

sfm%Par ~vay.: On the other  hand, 'Ruff' axad HebnzehPnam were un- 

able t o  convert a suspensaon of' U C I ~  in l i q u i d  .ohiorfne t o  

with f r ee  fluorine: They eonoluded %hat sither the rat@ sf' the 

reaetfon is very'sloz-J a t  the $emPerat&res. of 1lquSd chlorine 

( -33. 7 % ) ,  or  t h a t  f l u o r , h e  nust be praetf calPy insoluble in 
* . 



l iqu id  chlorine, 
1 

?The fluoriPlatfon method of uranium hexaiPuorSlde preparation 

. was . . substant ia l ly  irnpro~~e~dl~by Po Abelsoxl a t  t h e  .National Bureau . 

of stmaaids ( I ) ,  who introduced the use of uranium t e t ~ a f l u o r i d e  . . 

instead of .uranium metal: 

($1  0p4 9. d W6 . ' . . 

Abelson recommended a temperature of 2750C for t h l s  reaction, 
' .  . 

and used fused sod$um chloride as a catalyst .  Br i t i sh  worke~s,  
. . .  

however, found tha t  sodium ohloride o r  any other catalyst is 

unnecessary and even BetactmentaP t o  sucessiuB f l laso~hat ian 

(Br i t i sh  1). , Pending fu r the r  study; it may be suggested t h a t  

the uranlum ts trr .f luoride used in r e z c t i o n  (4)  should be. as 

pure as . possible. . 

Uranium t e t ra f luor ide  is 'readily fluorlhnted a t  relatively 

low tsmperatux=es. A t  room tgwasrature, %he reaction fs sPm, 

. but a t  250'~ it is. very rapid. Below 250%~ the peaktion ap- 

pears t o  occur i n  two steps:  

React ion ( 5 )  proceeds muoh more r a p i d l y  tW ( 6 )  , go that 

l i t t l e  o r  no4JFg appsars until a l l  of the UPq has been con- . 
. verted t o  1]F5. Reaction ( 5 )  i a  e i i ident  i n  utilie~tion of' 

i luor ine,  while reaction (6) has  poor eif f cienoy resulting in 

large amounts of unused f luor ine,  I&reak~ng the temperature . 

is of l i t t l e  pract ioal  mlue ;  the rate o f .  mact'ion . . ( 6 )  apps& 

rather fnsensitive t o  temperature mpfntions between 258% 



I 

Q 
and 650°C. The reason f o r  t h i s  pecullar behavior is unkovm. 

One method of increasing t h e  amount of f luorine consumed is 

t o  pass t h e  Gas from the reactor  where reaatPon ( 6 )  takes 

place throup;h a second reactor  where reaction (5)  is carried 
I 

out. The l a t t e r  w i l l  absorb prac t ica l ly  a l l  the  res idual ,  . 

f luor ine . The dZrect ion o f  f;lov! can then. be reversed Hokvever 

doubts have been'e.;pressea a s  t o  th8,procl icabi l i ty  of t h i s  pro- 

cedure, s ince experiments show tha t  reaction (5) w i l l  be f inished 

i n  the second reactor before repctfon (6) is complete . . .  Bn the 

first one [Bsf t i sh  1 1 ,  The tlgg of a vary lonz reactor Bas  also 

been a t  tempted, but even so it has not been f o.md possabbo, t o  

u t i l i z e  more than 60 t o  70 per cent of t he  f luorins.  Aetenpts . . 

t o  u t i l f z e  more than 80 per cent . of . t h i  te t rnf luor iae  lead t o  

a great  waste of f luor ine (Columbia) ; 
I 

A t  temperatures of 350°-400°C the separation of the $~taonDdtrosl 

s teps  ( 5) . and ( 8 )  becomes ~ S S  clear, ond t he  reaokion may be 

considered a one-step pmcess : 

~ About 375'~ appears t o  be the optimum temperature f o r  the f luosi-  

nation of OP4? Par t i c l e  size is important; If tihe W4 is &ely ~ . .  
ground, the  temperature of reactSon oan be markedly reduoed. In 

* ~ t .  has been reported t ha t  IF oan be aons@*ea t o  W6 a% room 
temperature by us ingf luor ine  L d e r  high pressure (300 ib/ ine)  
(Columbia 2 ) ,  but no details of this pmcess a r e  available. 

. . 



"7 t 

w r y i n g  out t he  conversion of small quant i t i es  of UPb t o  UP6 by fluor- 

ination, a dry-out p r i o d  of a t  l e a s t  24 hours (preferably 2 t o  3 d a y s )  

has been recommended ( ~ r i t i s h  21, during which the  f i n i c e  should be 

kept a t  . . .  ~ O O ~ C ,  and a high wacuw ta in ta ined  i n  order t o  e l ~ n a t ' e  the  

Another met'nod of preparation of UFbe suggested by the  Columbia 
.f 

U n i v e ~ s i t y  workers, is as follows (colmtbia 3)': 

( 8 )  U02F2 * 2F2 ---.;. -+ UFg 4 02 + oxygen f luor ide 

Ilranyl f luor ide  can be read i ly  prepared by the  act ion of ankydrous hydrogen 

fluoride on the  t r lox ide  at 3500C0 Alternatively, hydrated uranyl 

f luor ide can be m,?de by the act ion of aqueous hydrofluoric .acid (48 

per cent)  on the  t r iox ide ;  the. hydrated U02F2 can then be completely 

dehydrated it' 300°c. The following . f luor inat ion of UOZFZ proceeds nlore 

smoothly than t h a t  of UFI, a t  a teffiperature of 150° t o  ~ U U ~ C ~  Uraniun~ 
1 

hexafluori.de co l l ec t s  within a few minutes a f t e r  f luor ine  i s  admitted 

t o  the  reactor,  The f luor ine is &ost conipletely u t i l i zed ,  except , 

, f o r  tha t  f rac t ion  which forms oxygen f luor ide,  The pr incipal  advantage of 

t h i s  process is the  ease of preparation of uranyl f luor ide;  t h e  pr inc ipa l  

a disadvantage is  t h a t  it requires twice as rcuch f r e e  f luor ine  per mole 

of UF6 a s  does t he  f luor inat ion of UFqo . 

It appears t h a t  a l l  kanium cofipounds when heated vdith f luor ine  

t o  a suf f ic ien t ly  . h i g h  temperature will give UF6 (C~ZJ-TEC 1). . Uranyl 

phosphate, for example, read i ly  undergoes conversion t o  !3'Fg and PF 3 
a t  

o r  P F ~ / ~ O O ~ ~ .  Oxides of uranium a r e  said  t o  &quire heii t inCwith f luor ine  

t o  a temperature of 4G0°-s0o0c, and t o  be, in general ra ther  d i f f i c u l t t o  f luor& 



However, uraniw s a ~ ~ u i b x i d e  can be converted t o  UF6 st 3coOc if em- 

1 bon is added t o  the mixture (I@ Chicago 1): 

(9 UgOs * & f 9 ~ 6  1 % ~ ~  4- f+~q 
According t o  some reports, pure (13% reacts w i t h  fluorine at 360-3709: 

(ColU&is 4): 
, . 

ir' 

(10) 113% + 1% 3 3UFg-f BOP* * 

. . . Another proposed method of converthg UP8to ?rFb involves preliminary 

~ o f 1 1 b o r l n a t i o n  (I@ Chicago 1): me 

. . 
4, 

(11) U308 $. t!itP -- 5M0L 2U02~2$ Q+ Wl$ 
* 

I . '   he fo~owing c%iagreirn q . -. :. summarizes the n?ciessary co~ldit%ons 

tc aes~we formtion of UFb from a variety of uranium eompomdeo - 
- / I 

- ', * .. . . UCI, 

, CONVERSI0.N OF URANIUM COMPOUNDS TO UF6 

. ' ' ,  
.: -, j I 

( SHOWING NUMBER OF M O L E S  OF Fp REQUIRED F'OR THE FOR- 
, ,d MATION OF ONE M O L E  UF6 ). 

I 
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. . .  Fluorinat ion reactions are best anrried out i n  n i c k e l  o r  

monel vessels. although copper, aluminum, and ma@esfm oan 

also be employeia. P l a t f i m  cmnct be used s b e e  f t i s  rapidly 

attacked by f luor ine above 450O@,  CafcPaua fltaorPde reaction 

tubes and boats are very ut%eAll' but a re  not readi ly  ~ v a i l a b l c .  

Staudard f l a r e  . i f t t i n g s  , auoh a s  are used %n the refrigerati on , 

industry, a,r6 oonvenient fog assembling copper apparatus ' A t  

l o w  tena~,epq%-c.reo fluorbe can be handled w i t h o u t  serious nttack 

f o r  considerable pariods in: t h&oWhly . . .  dried aid 6utgasssd 

pwex ' ~ r  quartz vesgels, Soft glass is reputed to be superior 

t o  pyrex i n  its r e s i s t m e e  t o  fDaorine. Further rnanbpule.tive 

- . d e t a i l s  w i l l  be: found in se&f on 1.3.. .. 

Fluorination of uranium compounds t o  W6 also can be succeas- 

fu l ly  achieved vafeh oehafn  agents. other than elemental fluorine. 
i' 

(CBV~TEC 2;. Collumbfa 5; Yale 1) , These st~ormg ' f ~ u o r h a t i n g  

agents, however, require f luor ine f o r  their pmparat%sn, a d  
.* oonsequently do hot dispense al together with the use of ire@ 

%Puorimie, Their use f o r  the  sythesas of m6 sornetLres has 

addi t ional  advantages besides a$idin.g i ~ e o  fluorine. Thus. 
. . 

uranium tetrafluoride o& be converted to.WF6 by reaction with 1, 

- cabal t ic  fluon°jlde; 
2500-2750@ 

J 
( 13) UPq + 2C0F3 > IIFg + 200F2 i 

The reaction has been w e d  especial ly  f o r  the eonversbon of small 

samples of UPq (50 mg t o  1 g )  t o  We. The reaction mixture is 

preparea by grinding the LstmfPwrfde with fPwefo1d excess of 

cobaltic fluor5.de i n  a d r y  box. The reaction o'm 
. . 

be oaxreied out 



in all-glaas apparattas with the reaation mlxtwe placed 3.n a 

platinum boat, A temperature higher. than 275% is to be avoided 

as CoF3 may undergo them81 decomposition. Cobaltic fIuor5de 

satisfaatpry as DoFgo Antimony pentaZ'luo~lde, on the oCher hand. 

a compound whioh ' cam be prepared without the use ..of ' elemental 
. . 

fluorine, does not convert DP4 %o ?IF6 (DWont 1). 

B02, O 

. . 

Tv30 reactions .have been discove~ed whfoh produce mg aiehprat re- 

qui-g free ifuorhe, The fi~kt fs the thermal dfsproportiosa- 

Umsfuaa pentafluoride fox' reaction (1%) e m  be prepared from the 

readily available pentachPorid%,: 

( 2 0 )  UOlg + 5m - UP5 9 mc1 
Ruff' and. H~fnzelmann (1911), who first usad t h l s  pro&edum. ex- 

. . 

perlenoed considerable diPfiaaal.ty in separating &he W6 imm 

hydrogen fluoride f'omed from the compound UPB0E@' wMch they 

used. .SldBsequent work has %ndf oateb that e m  be ssparatsd 

from hy&~g@n fxuoride by imct Poaal d i s t i l l a t i o n ,  a". evem more 
k 



simply, by decantation, since UF6 is only sparingly soluble i n  

l iqu id  anhydrous hydrogen fluori.de a t  low temperatures 

[Columbia 6; SAM-Carbon bnd Carbide l), The disadirantage of 

t h i s  process 1s that  only one-thlrd of t h e  uranium is u t i l h d  

and the  reminder must be re-v~orlced, 

The second method is based on a very in te res t ing  reaotion 

recently discovered a t  Chicago (MP Chicago a ) ,  When uranium 

te t ra f luor ide  is treated'witln dry oxygen a t  elevated tempera- 

t u r e  (=@ BoOOC), the follotvhg reaction oocurs:* 

g 3x1 2m4 c o2 ---b mg + u0g2 
A t  Chicago, ~ a a c t l o n  (21) was carried out i n  a nf ckel tube, 

(Calcim fluorlldls, being more inert, may be even better,) A t  

800°c, a yield of '20 t o  40 per  o a t  of the  oalculated amount of 

Wo was obtained. The comparatively low yield  is probably due 

t o  reaction of ilP6 v ~ i t h  nickel.  Reaction (21) provides a con- 

venient method fo r  laboratory preparation of WF6 when. no f luor ine 

88 avcilable , ~ 
A'ttempts were mbe by Ergen (SAM-Carbon and Carbide 1) t o  

prepare by reactions avoiding f r e e  f luor ine . Mercuric f luorid? 
1 

was examined as a f luor inat ing agent. OP4 and UC15 were made t o  

react  with RgF2,0r with and chlorine, and in both cases 

UFg was obtained in small quantity ." Uranium pentachloride reac ts  

* A s h i l a r  experiment had been carr ied out ea&$eaby workers a t  
Brovm University in a "Vyoor" tube, They observed the formation 
of a heavy brown deposit and noticed the weight l o s s  of the  residue, 
'The poss ib i l i ty  t h a t  F2 o r  UP6 might be formed was suggested, but 
no f w t h o r  work a-ppears t o  have been done a t  t h a t  time (BV.:bwn 1). 

** The mercuric fluoride', T2 was prepared by reaction.of mer- 
curous f luoride (Henne, 1933 with ohlorine aocording t o  the  method . 
of Ruff and Bahlau (1919 ) . 



with BgF2 at. .AmoderaLeM ternperat~es t o  give awhi te  sublimate, ., 1 
i 

~ mpi dhsm treated with dry ohlorine at 4 0 0 ~ ~ '  Jn a g l a s s  apparatus 1 
yielded a mall quentiity of m60 . The law yie ld was attributed t o  i 

. I  
side reaotfons wfth the glass, An attempt was also made t o  sb-. i 

i 
! 

1 tain by passing a mix%ure of chlorine and dfahlorodifluor- 

I methane over a mixture of UOg enb mercurous fluoriae, but the 

:Jog was apparmtly unattacked, 

f t  $3 cEeaT froon these observations that the preparation sf 

Wg without the use df.  f ~ e e  fluorine ,is quite feasible,  

1023 o 

Since OF6 is a very reactive sibstanoe, handling problems are 

encountereil in both laboratory and large soile use. ' Usually I . . . .  

metal apparatus i s  employed. but glass may be used successfully 

- i f  certain precahtions are talcen. I IP~ ' .  attacks g 2 ~ s s  quit@ rap%dIy 
. . I 

unless f t  is absolutely free froxu water or hydlroge~ f1wr%aeb 

~hosphorus pentoxide has been used to dry UQB, but this is a 

probably due to .  the following cycle: ~ 

The. water consumed in m a c t i ~ n  (2%) Ba segeaeratecll %n reaction . ~ 
( 23), and therefore traoes of moisture are capable of destroying 

large amounts of IFg. The use of wget"&rsw to stop t h i s  bycle 

was intm°oduced by Groase (GoBmbfa 6 )  0 Sobfum or potassium 

fluoride w i l l  comblne with all the components of reaction ' opcle 
I '  

(22) and (23) (giving KFOHF, KE'02E20, X2S4F6 @ t o .  ) and thereby 



stop the cycle. Pure UFg b e $  not f o m  a stable addition corn- 

pound, with KF, but DPgS . HF .and gLP give stable triple compounds. 

Hgwever, the amount of IF6 l o s t  in this way corresponds only to 
k....-....R 

the stoiahiometria quantity of hydrogen fiu0r~d?,~ whPch will, in 
. . 

most cases be small. Therefore, in ord6" to. keep UF6 in . &:ASS, . 

it is only necessary t o  . . have present some dny po~Yders8 potassium 

OP sodium Plwr Ide moqnthe;  t o  abou* 5 per aent by vvei.g%at of 
, , 

the .% (See page 1 .  Since potassium fluoride is very flygm- 

scopic, it should be fused before use; ,sodium f luorida is not 

deliquescent and may therefore be.pre%erabPe to potasaim 

' fluoride (British 3). Pt has . . been, reported that pure m6 can be 
kept h d e f  initely wB%bout deocmposition, even in%@ absemce of 

a mgettex°s4 6 a glass , coPLtahe~ ' W~F?.  &b Baa be- ~ a a u m  baked ,. 

The m6 must first' be purftled by mraltip~e, vacuum distillation 

through a t r a i n  of U-tubes .$.! . containing . . potassih i lucr lde  

. (CofufnBia7). 

care must be taken in eondensink in glass apparatus. 

Traps oooled'with liquid alp are inadvisable since they ofem 

craok when warmed. To prevent such breakage one should first 

oool with dry i ce  so that tho msterlal deposits as a fluffy 

snow. If liquid air is to be used, a trap aLth an hntemal cold 

me fo%lming sequsnae of operations has been.i"om&. to  gBv6 

clean glass resistant t o t h a  action of pure UP6 (Brltish.4): 

. 1. Waslih&witilh rglene or t'rf ch~oroath~lene. 

2, Ffanahg- 
. . 

3. ~ r e t r e a t f n ~  for a few hours wfth Wg vapors a t  mom 



The most impostant step hn thfs sequence I s  pre.8;~satmat s f t h  

UFg vapor, which appears to be much more effective than flaming, 

S h c e  all-glass apparatus ie necessary for  oonnplete baking out, 

-stopcocks and JointsJ shouPa bep avof8edl by tihe use of' magnetic. ' 

breaker seals (referred . . to by B ~ i t i s h  authors as RBr8scoe 

seaPsW), Xi glass stopcocks and gcomd &Pass & h % s  are used, 

Apiezon grease or w a x ,  OF preferably fiuorinated hyd~oaarbons , 
hay be used for fubrf astion, hut too nuoh of the %tabriaant 'mst 

Beeawe aublbmnes 'mder ordinary condltiond mai can be 

d i s t i l l e d  as a l iqu id  only under pressure, c e r t a i n  specialized 

transfez techniques are necessary ( e01~nibi.a 8 )  , The - r ; ~ s t  

generally .at% sfactory procedure is  t o  put the v~hole system in 

an oven heated t o  75O~, 1% is bast to Randle UP6 in v~la8 tubing 
. . 

and to use valves with ":itid@ openings f o r  me%aB 8y~%ems Any 

narrow opening may ,leal t6 dlffiaul%bes, sinoe expmbion of the 

vapor may cool it sufficiently to cause condensatloplo Gasos 

non-cadensable by Biqu8d n8t~ogen must be absent f ~ o m  the 

system, sinoe .they are swept along by the dense W6 vapors on8 

aooumulate %n tbb condenser where they may compPets1y blook 

advanoe must thkfore be used for transferring a d  k n d b h g  We. 

Sat%siacfory mteielals for metal equipment are 88a)pB2", 

nfckeP and alminum. VJ:bith copper tubing, ordinary refr%gsrat%on 

Clare If ttfngs are used for making aomectbtine; propnr9y matie, 



suoA joints are vaoum t ight .  Xarotest valves are satisfactory 

for general use, P r e s a m  gauges should be of the Bowdon type, 

w i t h ,  lubes made of a Fa-resistand ' metal. Further d e t a i l s  of 

resistant metals w i l l  be found in Secfion 3.3. 

The most canon contaminents present in ordinary OP6 seem 

,so' ae hydrogen fluoride snd volati le  MoF6 which probably a r i s e s  

fmm sta%nldss s t e e l  equfpmen$,. Other vo la t i f e  metal f luor ides  . . 
I 

may also be present. TO elimbaee byamgem nuoride,  it has 
w 

been recornended that liqu3.d UP6.b,e heated w%9h A potassium f luor ide 

8% ~ 5 ~ 6 :  for 43 hours, 'but soma workers have consStderedl treatment 

a$ room tempenitwe adequate, F m  large amotmtS of OFg,heating 

probably f a  advisable [Cslmbia 91, Ve- pure BP6 has been pre- 

pazed by f motional d i s t i l l a t i  on k an a l l -n ioki l  column packed 

w i t h  n i~kel l  helfcea ( 5 5  h) (Columbia 10). D i s t i l l a t f a n  takes 

place above the triple point (64% and 1314 mm B g ) ,  and reflux 

is e6ntro8~ed by a eon dense^ confahfeg b o i l b g  methyl allcohal 

[ 67°0 )o  The autlre assembly is placed in a box heated t o  7 5 ' ~  
7 

t o  prevent oondensation of' The materlal  obtained from the  

dfs%$llat%an column is spect~oscopfcably pure, a d  neither moly- 

bdenum nor hydrogen fluoride are detectable, 

Bx~lt%sh tvorkers lkkewfse have found hydrogen f luor ide t o  be 

the principal inpurity fn UF6 (British 51. !Zf%@y recommend a 8 h  

larger quantities of potassium fluoride for the 'rsmoval of' FiF, I i 
about 50 per cent of the vreight of UP6 necessaw.  I 

I 

molt? per cent ED?, These observers found t h a t  a I 

constant evapo~at ion  mixture of IFg and hydrogen fluoride ex i s t s  I 



(vapor pressure of 17.91 nrm Hg a t  o % ) ,  and' t h a t  the  hydrogen . . 

f luor ide  content . .  . of an impure mg sample can be, reduced t o  the. 

composition . of . t h i s  mixture (about 2 mole , perc.ent -. HI?) by p u g -  

fng a t  -$oOC, This indicates  that potassium ffuoride pur%ffca= I 
1 I 

ti on should n o t .  be applied d i r e s t 1  y t o  misr&ues :wf tB a hydrogen 

- i i ~ o r i a e  content greater than, 2 mole p e r  ?en$, u n t i l  the mix- 

turks have been t rea ted  by puungbg a t  -80°C0 
1 

I 

The presencre mdl amount of hydrogen flluori.de fm UFg s a  be 

e t e m i n e d  by eftheap vapor presswe o r  freezknag point measure- 

ments. S b c e  hydrogen i l u o ~ i d e  is only sl ' ightly . . .  soluble i n  

t h e  vapor pressures are additive. Tbe of one mole per 
. . 

cent hydrogen f luor ide a t  0'0 contributes 12.0 m t o  the vapor 

pkessupe '(ColubBn 11). TQ detect  sexy amdlB amounts of hydro- 

gen fiuor5.de the Preezing. point depression method is  more no- 

ourat e .   he. experimentally dets&ined cryoscopic constant 04 

I F g  i s  0 . 0 6 5 ~ ~  per  0.01 weight pop cen t  of hydrogen fluoride. 
, .. 

. . . . .  me t heore t i ca l  value, computed f ron 800!&$~ . . . . .  & law 2s 0,08!3$3O~ 

Brit ish. .  workers m-e18~~%ned various methods proposedl for 

the determination ofhydrogen fluorSde in .W6,  They concluded 

t h a t  t h e  most sa$fsfaetosy method is one in which the wm%m 

hexaleluoride -hydrogen fftaorfag m i x t u r e  is releXued under such 

conditions that the hydrogen f luor ide remains i n  the s a p w  

phase. m e  equilfbrlrmr volume can  be measwed t o  w i t h i n  0.01 
* 

mole per cent o f .  hydrogen fPuorsP%de ( B r f  ti sh 6 )  , SQP further 

details on the hydrogen Pluoride -uranium hexaflsm id@ sy.sleao 

see Section 3.2' of t h i s  ohap$er, 





(a )  Melting Point ,  . The e a r l i e s t  value of the melting 

point ( 69.2-69050~) , given,  by Ruff and Heinzelmann ( 19111, and 

quoted by A. O, Grosse (Columbia 6 ) ,  has s h c e  been shown t o  bs 

oonsiderably i n  error .  Brichvsedde, Boge end Scott  (Nat. B w o  

Standards 2) found a value of 6 4 . 0 5 2 ~ ~  ( 337.212%) for material 

containing 2x10'~ mole per oent impurities, while British 

workers gave 64.5 f 0, ~ O C  and 6 4 3  4. 0,4OC f o r  two samples con- 

ta in ing  less than 1.5 x lom2 per cen t  of impurity (Britf sh 7 ) .  

From the knowledge of t h e  sps@if%6 volumes of the  l i q u f a  md of 

t h e  sol id .  VL and Vg, a t  t h e  t r l p l e  point (See p. and 1 P 
t he  change i n  melting p o h t  w h h  psessurs can be calculated: 

dT , (24) is. ) , 0.00505 Oc/a tm.  

( b )  Vl-xt,Qm of. So.&.i .d . ,Umpi~ HexaflwrPds, 'RBa 

ea r ly  vapor pressure values of Ruff .and Wsbzebam (1981) aero 

ra ther  e r ra t f  o , probably due t o  cont&nat f on by hydrogen f luoside 

o r  s i l i c o n  t e t r a f  luoride. Recently, several  vapor preesu& det- 

erminations have been made by British ~ v o r k e ~ s  and a t  Columbia 

University, On.the whole, taking i n to  account the  difficulty 

of t h e  measurements, the  results can be said t o  agree sati.8- 

facfor i ly .  It is d i f f i c u l t  t o  prepare UF6 completely free of 

hydrogen f luor ide,  and this tends t o  give too high values f o r  

the  vapor presswe. There %s also the  difficulty of assuring 

oomplete thermal equilibrium between the themnosfat and a loose 

mass of so l id  UP6. Final ly ,  the  comosim of constmctfon 

materials  poses a ser ious problem, Ame~oiean  workers have gen- 

e r a l l y  used copper apparatus, wh.ereas tlie Br i t i sh  seen t o  have 



preiemed glass. . ~ . .  A t  Columbia University a brass  sylphon bellows was used t o  

measure the  pressure by a n u l l  method (Columbia 14). Pressures 

above atmospheric were read on a mul%ipbe m e r o w  manometer 

w i n g  dibutyl  phthalate as piston lf9Pzkb. The error in reading 

t h e  manometer w a s  .about 2 ,?am Jtn %he hlbghsxr preaause ' range, and 

l e s s  than . 0 ,5 m i  in the  lower  range, 

Table 1 contains a summary of a l l  the  dfsectly measaasrsd 

vapor pressures of so l id  ' Wg. 

m e  f o ~ o w i n g  linear relatPonships behyeen log p And, 119 

have been suggested'fos the representation of the vapo? pressme 

e r n e  pver a l imited temperature range: 

. . ..t=; .q&g *...;.- ..-4@!XL,26Q0 4% - . ~ . . ~ 0 ~ >  '.f&jt.&h 8 )  
m %  T 0 

. . (26) log pmBe: = I Q . ~ M L  
. . 

262303 (0 7, 63.10C) (Columbia 14) T . 

( 2 7 )  log PmBg = 11.19 - 1  ,w (low temperatures) (Brit ish 9 )  

Two mure elaborate relationships, intended t o  represent 

precisely the'vapor pressure curve ih n wid3 tempornt&er region 

have been derived. The equation, ' . ' 

. . .  
b . ' .>.. ,,. .J . . 

mpresslta all British measuremtns in the range 0 ~ 0 6 5 ~ 0  tvith s 

of 66.5 cent ( ~ r i t f  sh. 10) ; Cclumbfa measurements 

agree within 1.5 pen. eebt, but, a l l  American points P i e  a P i t i t l e  

above the c u k e  defined. by. equatf . . on ( 2131, 



VAPOR PFtESSm OF U i U N I U U  ffEUFLUOTrIDE 

. . .  

(8 )  (British Ib), 
(b) . (British 8 ) ,  
( C  1 (British 3-2 ) , 
(d)  . {British 274, - :;-., *.i 
(@ 1 (Col\aaabfa u), 



A t  Columbia (13) another equation based on all the avail- 

able data was derived. A l l .  experimental points were plotted 

on large soale an& a curve v~as fitted Lo these points by a 

series of analytioal and graphical approximations, the higher 

ones involving the application of' heat oapnoity and snthalpy equa- 

tions for the solid, The resulting equation is saBd to represent . .  

the experimental results t o  *O .5 per oent , and ' perhaps even 

better (See Figs ,I): 

I (29a) In P mm & " -1324690 - % -TT 70?031 +2$.436 .in T - 0.038674 T 

or, in Brfggsah fogafitlms : 

Vapor pressures of solid UP6 at low temperatures have b e a  

extrapolated by -means of the equat%ons (27) and ( 29) , %vith the 

I results ahom 3.n Table 2, 



. FIG. I. VAPOR PRESSURE OF U F6(S). ( S E E  EQUATION 29.)  



DHAFJIW H ~ U O R I U ~  VAPOR P W W W  AT LOW T h W m m m  

' -  50 

-?-,%-- 

( 0 )  BsBlfng p o h t  of 02 
. ( d)  . B o Q P h g  p o b %  of C2n4, 
(e )  Bo%Ping .point of (202, 

In add%t%on t o  the value of' 16,9 m quoted in Tablo 1 , 

severai values have been given for the vapor pressure df sol%& 

Q o  A t  the ice-point (CJ00) Columbia workers Eouad a valGe of 

18.0 mm ' (Columbia 11), 1vhYhfle British vrorkerq gaw as a result 

oi a very osraful measurement % IIQ: ( o ~ G )  = 3.7,54 f Q.UZ 
. . 

(Brftish 5). . The latter value probably bs m u ~ e  reliable, sine@ 

ft has been found by British workers $ha% a oonsfmt evaporation 





The '?ogmlae (30 and 31) were given by Br i t i sh  observers while 

formula (32) was derfved a t  Columbiao 

, The l a s t  formula vaas found t o  reproduce the  'kgsblts t o  ba t ter  than 

f 1 per oent, as ahom by figures i n  the last column of Table 3. ., 

. . *.precision formula f o r  the liqufdlgas equilibzium wasobtained 

by Kirschenbaup]~ by the stme method as fomuba (29)  f o r  the sol id  gas 

equfl ibrfm, that is, by f i t t b g  a carve t o  a large aea%e plot of the 

.avatlable data by sucoessfve approxhmt%ons: (See F i g .  2 ) .  

- -24,6602 248698 3.245 0 2 7.2876 b T - 0.014311 T .. - (33a) In P* Q - .  T -7 

1 or ,  In Brfggs ia  fsgarfthnns 

~ This equation ~6pmduees the experimental results in the range 65O-90°0 

t o  bet ter  thm -b,4 per 08nt 

(a)  The temperature a t  wh%oks the sublimation 

pressure of UFg reaohes 76Omm was reported by Ruff and Hebzelmann 

(1911) as 56%. bbre recently Columbia observers found 56.2OC 

(Columbia a ) ,  snd the British .Investigators 5 5 . ~ ~ 0  and 56.6'~ with the 

higher value considered more nearly comeat (British 8 ) .  Thus, 56,4O~ 

appears t o  be a reasonable mean value for the  "boiling pointw of mFg0 
F 

The of UP6 salculated from equations (29) and (93) is 
I 

, 



IIT ( O K )  x to3 

FIG. 2. VAPOR PRESSURE. OF U F g ( l ) . '  ( S E E  EQUATION 33. )  



(e )  C r i t i c a l  Br i t i sh  . 

~ ~ ~ o r k e r s  reported a ~ 3 1 u e  of 245 - ~ O C  for khe c r i t i c a l  temperature 

of W6 (British 14). w h i l e  Columbga workers found f o r  t h i s  con- 

stant a value of 232'~ ( Columbia - la), t h e  National Bureau of 

Staa~arrds ( 3) estimated f romn the . p l o t .  . of the  dens i t ies .  of' t h e  

liquid vs . temperature- tha t  the c r i t i c a l  temperature must be about 
. . 

217'0. ~ n c t k e r  approiimate value o f  the  c r i t i c a l  temperature 

( 243?C ) w a s  calculated from the surface tension. ?f by means of ' 

the re%a%%an&%p: 
f= 15,6 dynes at $0'~ 

= 3.57 g/&n3 st 80°c 

Finally, from boh%%ng point data andl t he  relat ionship,  
m 

T, = 249% 

'-Bapitfsh observers e a t h a t e d  t he  c f i t i o a l  pressure as 63 a t -  

mospheres (Br i t i sh  15); t h e  Columbia Group as about 50 atmspheres 

' (Coleambba 15) and .the National.., Bureau of Standards ( 3) a s  44 atmos- 

pheres. The or i t i eab  density has been estimated a t  1 ,9  g/oa 
' 

(Brit lsh 15) and 1.39 g/oc (National Bureau of standards 3). The 

l a t t e r  value fs .probably more relfable. Obviously, fur ther  work 

on the . .c r%t%eal  constants , . is required, 

2.2 Thermal. Propertie8 
I 

, (a) Heat and Free Ene~f_e;g of F e m k i o n  of ~ r o n i &  Hexafluoride. .- - 
The heat of hydrolysis of in w a t e ~  . . 



was found calorimetrically to be -50.5 kdL/mle at 298.16% ( ~ o l u m b b  ... 

* 
aejj 

ne  = -50i5 ::1,7 . -' 
U s i n g  the ralus, 

= -3.l.2 2- k c a l / m o ~ ~  AH&l 

for the heat,  of sublimation of UFg (~olunbh U) and combining these results 

with the following data from the 1iteratup.g; 

U O ; * + ~ R ~  - - ~ ~ H + + % O + U  ,AH = 106d3 kcwb 

2~' C 2 p L  ~ W L ~ ~ )  08 =. 400 b a b  

baq,) --.. 3R2(g) + 3?~(82(~) oak. 4% bd 

o m  f inds  $OF the heat of f o ~ m t i o n  of' UF6 

i' 
Dsing the entropy waluss SZgg = 9Q03 & 0.1 e .u, for UP4 

and S298 = U Y O  souu for ~ ~ a n 5 m  metalp on. calculates for the free energy 

!=iskT!2 E~,&&A.~,,@~~E~,.$@-&~@B~ , the Solid and Liquid 

' ~19  The h a t  capacities of soUd and l iquid UF4 in equilibrium with the 

I vapor have -been very accurately determined at the National BuMau of 

I Standards (2). Bntsopfes and enth lp ies  calculated . f p m  these data ax-@ 

given in Table 4. The values are pmpably accurate t o  w i t h i n  _+ 1 per cent,' 
* ,  



I 
I TABLE 4 

m T  UPAO'Pm, ENTROPY NOD R!FElflLPY OF URAIITCIM l i E X a U O R I D E  



WBLE 4 (continued) 

- ., . - r- - t 

 em erature CP H-Ho S-S, h) ( aal/mole % ) ( oal/mole) ( aal/mole %) ( cal/mole 

210 33.46 4310 41.67 8751 
215 33.78 4479 42.45 

"s-s? 

9127 
280 34,22 4648 43.24 
225 34.60 4820 44.01 
230 34.96 4994 44-77 

;B"3 - 
10296 

235 35.34 5170 45.51 10695 
240 35.70 534B 46.28 11107 
245 36.07 5527 47.02 11520 
250 36.43 5708 47.74 11935 
255 36.78 ' 5892 M.48 12362 
260 37.14 6067 49.20 12192 
265 37.50 6263 49.89 13221 
270 37.86 6451 50.61 13665 
273.16 38.08 6571 5l008 13942 
275 38.22 6640 51,W 14108 
280 38.56 6833 51.99 14557 
285 38.90 7027 52.68 15017 
290 39.24 7223 53.36 15474 
295 39 , 61 7420 54.02 15936 
298,16 39.86 7545 54.45 16235 
300 40,OO 52,69 10447 :::: 1 305 40.42 5tj036 16885 
310 40.87 8023 56.03 17369 
315 41.33 8229 56.68 17856 
320 4l.80 843'9 57 . 35 18352 
325 42.27 8648 57.99 1W47 
330 42,77 8860 58.64 19351 
335 43.27 9076 59.28 ( 19859 
337.212 43.49 9172 59.57 1 20088 

(Liquid) 
337.212 45.59 13760 73.17 24674 
340 45,68 13888 73.55 25007 
345 45.84 14118 74.22 25606 
350 46.02 14348 74.89 26212 
355 46 a 20 14579 75.54 26817 
360 46.33 14811 76.18 27425 
365 46.48 15044 76.83 28043 
370 46.62 15278 77.45 28657 

t 



The following mpirieral equation8 represent these results 

( Cof umbla 13) : 

solia U m i m  TIekt;lfiuorids: , 
. -\ 

(31) Xi-Eo = 9865.0 - 20.082 T +0;080790 9 - 1047920 (See Fig. 3. ) T 
(preoision: %.01 per cent f r o m  triple point t o  265%; 

i 1 per cent from 265% to  225%) 

(precision: -0.01 per cent Prom triple t o  273.16'~) 

Liquid Uranium ~exafl.taorf de: 

(39) H-% = 5886.6+11.954T+0.032514~~ 66B990 -7 
(preofsicm: 30 .01 per cent 1 

The errors given are the maximum deviation of tha exporhental 

values from those oalcukated from the equations. 

Brftish workers have detennfned a se* of values for the 

speoifio heat of sol id uranium hexailuoride (British 16,17), but 

, these values probably are less precise than those given In Table 5. 

They also presented some values for the speoilffe heat of lPquia 

uranium hexailuoride (British 11) -ah are somewhat highe,her than 

the American values ( e .go , c = 50 oal/xnole ' 0  e t  353%) and 
P 

whioh can be represented by the formula, 

( Cp = 49'3  +0.347(t-70) oal/mole O C ) ,  ~vher~, t i s  in '0. 

Additional Brit fsh data for l i q u i d  wanfuno hsxafluoride quoted 

by f0 IUrschenbam (Columbia I?), ape gfwen h Table 5,  



. . 

FIG. 3. ENTHAL-PY O F  UF6(S). (.SEE EQUATION 37.)'. 



T ° K  

F IG .  4. ENTROPY O F  U F G ( S ) .  . ( S E E  EQUATION 38.)  



'FAEIILEc5 

S P ~ I F I C  HmT OF LIcmD URANIUM ~ U O R D D D B  

At Columbia (18) the first values of the specific heat of 

uranium hexafluoride gas were obtained pazYtly by ditrect measure- 

ment and partly by ealaulation f r o m  vibrational frequonales (the 

la t ter  being detennlned by extrapolation frw the naasurod Is7.t~~- 

red f r 8 q u e n c i ~  of s6, S e e  and TeP6 using the U-X dlstmae as 

parameter). Table 6 shms that ths values obtaiaed 1% this ir- 

vestigation w e r e  probably too low.  &re reliable nro t h a  meaiPio 

heats obtained a t  Columbia (13) by oalcrulatiord 2'roru thc t23~;ncl- 

dynamioal f'unotions, equations (37), ( % j ,  (36), and (401, asld 

the vapor pressure equatfons (29)  and (33). Ttia speo i f lu  heat 

equation obtained i n  th i s  way is: 

( 42) cp ( for %( 1) * 32 . 44 4 0.007936 P - . e n ~ / ~ m l e  'C ) . 
(see F i g  5.) 

The C derived f r o m  this equation a m  fnrr,f-!or bs P 
oompared vdth those caloulated from the novi o z ~ e r h e ~ ~ t a l l q .  da- 

termlned vibrational frequencies s? w~arrf w hexrtf luroicle and 

also  with the more reoent British oillarht3trbc detarm%uutims 

( ~ r l t i a h  7,  16. 1 7 ) .  Table 6 s h o ~ s  tha% the ~ a l n a g  Czrlrr~rt  Prom 
T equatj,on (42) agree very wcll cith S!io ns-.,7or nprrotaar.c.:',o 
h - 



T o  K 

FIG. 5. HEAT .-CAPACITY OF UF6(g, A T  CONSTANT PRESSURE. 
(SEE EQUATION 42.)  

- - . . 



results,  but that the' recent oalorimetric values are considembly 1 

TABLE 6 

SPECII'IC HEAT 03' GASEOUS WRANfUM HEXAFLUORPDE 

2 5' ,3Pe5-l.0 Wi8V 31 19. 

. ,  - - #  *. 1 ,  50 2Q02 L I - O  . -- -- 
95 . 54.5 - loo  3Q01 A1,O 82,23 32.54 
100 . -.I 30.8 ao05 -0 0- 

125 35,s - loo  Lo . 33., 31 53.57 

m . . ~ruu-rw,. ~ ~ ~ u r l u u  r i ~ u . . . - - - -  

c determination. 
Spectrosoopic f'requenoies extrapolated from SFg. 
Spectroscopic measured frequencies. 
Caloulated f ron thermodynamic funeticens (equatiba 421, 

The heat content and the entropy of uranium hexailuoride y 
., - 

I have also been derived both by combination o f  the themodgnasn9oal 

I f'mctions of the condensate wieh the vapor preasurre~equat5sns 

( Columbia 13) , end by thesretisral considerations from the spectro- 

I sooplo frequenoies. The first method Leads t o  the equations: 
, 

(43) H . 8460 32.49 T & 0 . O O Q s B  $+ 320680 oal/mole f See Pig .  6 )  -F- I 

4 4  S (1 atm) "'94.69 log ~ + 0 . 0 0 7 9 3 5 + 1 ~ 0 ~ 3 ~  -98.05 eou. '7 (See Figo 7)  . 

I The entropy values derived from equation (44) agree we11 with 

those ca,lculated from inf m-reildata , ( Columbia 19 ) as shown by 

Table 9, 



FIG. 6. ENTHALPY OF UF6(gr ( S E E  EQUATION 43.) 



FIG.7. EMTR,OPY O'F UF6(0) AT .ONE 'ATMOSPHERE. , a . 

' ( SEE EQUATION 4 J )  '. ) . ?  



I 1 1 I 
a) Values detemlned from spectroscopic frequencies, 

1 
(b) Values determized from Equation 44, 

( c )  Velocits of Sound in Gaseous Urauiu HexafZuoride and 

the Ratio c&, The velooity of sound i n  gaseous uranium hexa- 

fluoride has been measured by two British observers, One re- 

ported a mean value of 8,870 cm/sec at  49 '~  and pressures of' 120 

and 539 mm Hg (British 18), while the other found the veloaity t o  

be  8.990 am/sec at 49.2OC and 420 mxn Hg pressure (British 8 ) .  

I Assuming deviations from the gas laws to be negligible, and 

using the value, v e 8,990 cm/sec, It is found that 

( bp/cv) 1,069 2 0.005 (at 4 9 . 2 * ~ ) .  mas agrees well with the 

value (1.066) which is obtained from equntion (42) assuming the 

I perfect gas laws t o  hold, 

( 6 )  Heat of Sublimation of Solid l?o,%nium Nexafluroide, A 
. . 

value o t  10,36 oal/mol.e for  the heat of sublimtion of  uranium 

hexafluroide was reported by R u f f  and R%inzela,am (1911). Two 

mperical formulae for t h i s  quantity have been derived from yapor 

. pressure data: 



I caf /mole (Britleh 17) . 
oaf/mole (Sse Fig, 8) (Gohnbia 13), 

Equation (46) derived f r o m  the vapor pressure formula (29) is 
. . 

probably the better of the two. Some additional. data .... of Brftish 
. . ,. . . : a' 8, j;, 

E .  

or&!.jirl are given in girschenbaumb s%p]p~?i%~ and are re*imdud&, . , . %a . . . . k %  . 
, f'.&. \:,;;, 

'( after B r f  t ksh Measwement s ) 

(e )  Heat of V3torPaation of L$quid U ~ a n i u m  Hexaflurofde. 

British %nvestigators reported the fo8%mhg values for 



T°K 

FIG. 8. HEAT OF SUBLIMATION OF UF6(Sy ( S E E  

EQUATION 4 6 )  . ,  



ISAT OF VAPORIZATION OF URAbTIlJB! HXXAFLUORIDE ' 

. . 

(Columbia la), 

The foUoPlnng equation for theheae of vaporlaation oillqufd 
I 

( f ) Heat of Fusion of' Ummium E~xaflwie%de. The heat of 

fusion oan be determined by dtrect oalopimeefia meaawemants, or \ ' 
calculated as the difference between the heat of sublimation of 

the solid and. theheat of evaporatfoa'of the liqu2a, Table 10 

gives a summary of the results obtninea in those -ways ' 
1 



FIG. 9. HEAT OF VAPORIZATION ' OF UF6(o.  
( S E E  EQUATION 47.) 



HEAT OF FUSION OF ~1~ HEX~LEZUORXDE 

Reference 

( g )  Thermal Condtaeti-vity of Gaseous andl LIqu$d UFanfum 

HexafluorPde, A direct measurement sf the thermal aondu@t%oity 

by the. Rhot wirem method bas been made at the Carb%de &d+@arbm 

~aboratory  arbon on and carbide' 3 ) .  The values 1ver8 measured. 

relative t o  argon and nitrogan, but in corresponding work carried 
.* 

out by the British, the reference gas is not named, Thla may 

aooount for the discrepanoy between the British and Amerioan 

work. In Table 1% is given the thermal conductivity of Wg(g) 

at a number of temperatures, InePMed. for coxupar%son a m  valueis 

calculated f m m  viscosity measuupement by the Euokm equation: 

where ratio of the specific heats at  constant volume and 

pressure, n = visoosllty; and the other.symbols have their usual 

mean- 





-37- 

for solid UP6 a m  ava ihb le , ,  

2,3 Mechanf c a m  -- - 3 

(a) Densi ty  of Solid UFg, The density of UF6(s) was reported 

by Ruff and I?einzohnn t o  be 4.68 g/cc a t  2 0 0 7 0 ~  ( ~ u f f ,  1911). From 

x-ray d;iffpaction data, t h e ~ o r n e l l  group calculated first a density 

of 4.,95 g/cc and later a more accurate value o r  5,060 !k 0,005 g/cc 

( ~ o r n e l . i  1) , Bri t i sh  invest igators  found a density of 5.09 &0,06 

g/em ad 2O07'% (British 10) ,* 
t 

. . L 

(b) Density of Liquid UQ, : .The e a r l i e s t  measurement was made a t  

Columbia UnivverrsiOy where the dens i tyo f  UFg(l) was i6&d t u  be 3,667 2 
U * 

0,05 g/cc a t  65,1'~ (Columbia 2h), At the National ~ m a u  . . of Stand- 

ards (4) thz r a t i b  of ths l iquid volume a t  6561% to t h e  sol id  .velum, 

at 6sp50c was found t o  be 1,343 & ,002, and equation (54) was given for 

the r a t i o  of volme a.t the temperature, t, t o  the  volunie a t  the  t r i p l e  

Tabhe 3 2  shows the. measured and the calculated values of t h i s  r a t i o  

between 62.450~ eyd 52u40~.  . 



solute densitf as of l iQufd mg0 C o l m  P gives' values calculated 

fleom the expasfon data of.Table 12 uebg 3.680 g/o@ $02 the 

density at 64.057~~. Oolunm XI was calculated 5n the same way 
' 

using 3,669 g / ~ o  for the density at 65.1°~. 6 0 P u m  PlCf BOntatns 

a se t  of direct determinations made at Hati. BUP. S%andar&s [3), 

a d  the values interpolated from these measwedl points by means 

of the empfrieaf earpress%sn, 

(tf = 6 4 , 0 5 2 ~ ~ )  

me values v~h80h were experbentally d@tembeb am ~ d e ~ l h g a \ ,  

Colurmn $V oontaina values v~hfch were mot avaflabb@ t o  us i x ~  pub- 



T A B U  13 ... 



( 0 )  Density of' . Gaseous We behaves l i k e  s . 

nearly perfect gas. There is no evidenoe for any association. 

Ruff and Beinzelmam Q P S ; . . ~ )  found an average moleeaar wefgh~; 

of 338 in  two vapor density de~erminatlons, at ~ 8 ~ 0 .  More 

- recent deteminatioas have been made by B r i Q f s B  hvestfgators . .,* 
. . 

(British 8).  ".%thou% givbg detal lea data one of thein stet66 

that there is no systematic dependonce of moleculbr weigh 

on temperattwe or presswe, and that the weightad everage 

cor~esponds to a molecular weight of' 353.2 ( ;be theoretioal 

value is 952.3 with an average e f ~ s o ~  of Fla3;. T h f ; ~ t e a  ex- 

perimenta were made a% 18%~ four at 68%; and one .,each at  

83% ax$ 96°0; (pressures ranged from 1 .6  t o  18 m Hg anQ wem 

detennfnea w f t h  a Bowdon gauge used .as a n u l l  f n s t m e n % , )  

Other B%4t91sh.workers also found '~791~~~3 ~ a r y  09b8841 t o  %he . 

theoretioal for non-associated UFg ( 8 ~ 8 t i s h  22,29), They 

determined the gas density at 50069 aa a fmo%fona of presswe, 

(See Table 3.4. ) Vlhen t h i s  data 1s plotted, an .a1mos$ 

was f 0 ~ 8  to  be b,32 2 O,P. x 10-8 ~ h l ~ b  e ~ ~ d l l f ~ ~ l t l ~  

with the theoretically oomputed value o f  1,314 x 1 0 ~ ~  for a 
.. - 

gas with the molecular  eight. 
. . 



TABLE 14 

VAPOR DENSI'IT OF IJRAIVm HEYAFLUORIDG AS A FU'NCTION 
OF THE PRESSURE AT 50°6 

Vapor Density 

S h o e  behaves like a perfect gas, its density at varlou~ 

temperatures and- pressures o m  be eaf~.ullaQed from eeguat%on (56) 

Group..~ertermhed a value of' 234 f 9 d~@mpoise at 30"~ 'for the 

P product . . P , where f hensity, and D = self digfusion' cocf- 

fielent (VirgPnia 11, Since aecord.ing t o  equation ( 5 6 )  the 

density at 30% is : 

one f fndls: 

This makes it possible t b  oalculate a value POP 6 from the 



t o  British data. Y) 30~c 2 180 .mi eropof ses , v~hf le Colunabf a 
\ 

University data indiaate 300c B 206 miaropoises (See Soc. .I 

. 2 oz f ) . me value of ( for UFe theref o r .  I s  either 1.30 or 10140 

The large difference between tpheset~vo values indicates  t$e need 

f o r  renewed study. The kinetic theory of show tha t  . ,  

should be 1 .ZOO for hard sphem moieaules and 1.501 for molecules 
in teract ing as t he  inverse P i ~ t h  power of' distance. A theor'- 

e t i c a l  formula f o r  D (ma :has been derived ua& the  value 

t;. = 1.50 ( Columbia 15) : 4 

but tbe  uncertafntg of t h i s  value restricts the lasefulneas of 

the  equation. 

(8) .  Mean Free Path. The foBBo'blthg fornula ha8 been given 

for t he  mean path, L of mg molecule$ in the gas phase: - 

Values for t h e  mean free path ealoulated from the equa%ion 

L = 1 
T = K E ' ' F Z  

tohese cB the mleeular diameter, Pa &@rived f r o m  viseos%ty 

measurement, cheok iaPrly weU. with those cop~ppa%ed from 

equation ( 60)-  

(i) V%scosit~ -~ of W6. The Coluabia @%up measured the 

visoosi ty  of l iqu id  Ulag fro? 6 7 . 2 ° ~ t o  75.0'0 and found t he  

values given in Table ld ( Columbia 22 , The absslule vf scss%ty 

of W6 is a l i t t l e  less than twice as lapge as that of' water 

(0.422 centfpoise at 67.2'~) the  lailnant8a viscosity I s  about 

one-half as large [ at 67.2% i a  0,431 sentipoise) . 
.' . . .* . . .  .............. . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  

::: i . :  :: : ::: :: :: ....................... 



TABU - PS 

lASC081TY OF LIGUED UFUNIUM PLEYWUORPBE 

The results of Br4tfsh messv~~mcnts, given in parentheses 'in 

Table 18 ( ~ s ~ u b i a  I%), do not ngs'ss v~el% with those obtains4 

The piacosiey of gaseous % hab been measured by British 

workers ( British 20,21,24) . For the temperature ~9nge 

, 0 ~ - 2 0 0 ~ ~ ,  $21; following rePatZonship was f orma to reproduoe 

the data in Table 16 (column 1) t o  v r i t h h  . 2 . 2 percent. 

At ColwnBdba University, Botvever, a detemhatiolo of 'the vis- 

cosity of gaseous W6 gave results which di f fered  by 20 pea' cent 

from those o f  %he B p i  %Ash ( CoPmbf a 23). 4. racent rudetemhot%on 



at the Carbide and Carbon Laboratory (S.M=- Ckrbon anii Carbide 5) 

has shorn %that the Brltfsh values are substaatEa3l.y correct, 

SutBerlantde s constan-8 has been computed flfon She Brit2.ah dakn 

PfquYQ W6 In equillbrlus v~b-hh .%%a viajjor &is bean measured by 



summarized in Table 17, 
. . 

TABLE 17 

SURFACE TE8SXON Or LPQUH) URANIml HELUFLUORIDE 
' 

( a )  R e f  raetive Index (British 25) .  The refractive index 

. o f  l iqu id  has been determined from 70'0 to  100'~ by 'measure- 

mentsr of the angle of total reflection and ia.probabby accurate 

to 0.4 per cent in absolute value. The relative values are 

probably better than this.. The results are summarized $9 Table 18. 

TABLE 18 



Thg moleaulox° refmetimr,R, tvas ealoufated from the wall - d 
horn expression: -1 

M 
( 6 2 )  IR = --- [M molsoula~ weighs) 

4 9 
P 

I 

(/-, = demsffy) 
i 

(n wave length of light), k 
The results an, ItMB0 A. ' 22,59 -f 0 .OB (t = 8 5 O ~ )  

'5890 AO 
zzll',ea 2 o,os (t . s5'o) 

On the assmption that the moleaular refraction of' the vapor f a  
* - * 

the same as that of the 186ui6, the index sf refmot%sn of' the I 

gas at 5100 AO sBouPd be (Bri%%ah 10) : 

violet absorption spectrum o$ We) vapor was ffrst photograph& 

by l ipk in  end i~?eiamen (W Berkeley 1) w P t h  a lasge I3ilger.b-' P" 
.: . l 

s t m e n t  (dispersion 5 A' per m). A one rncpeerr. layer of the , 

vapor in equflllbrium with the solid a t  room temperature rvas ilsed. 

Strong oontinuous absorption was fom8 to set  in at about 

1500 A'; f t  was preoede8 by a region of' bonded absorption bs- 

tween 3400 AO and 3800 A'. No analys%s of the speotrum was 

Hartin an8 Amphlett (BritXsh 26) also exanbed tho ultra- 

violet  absorption QP W6 vapor 8% room temperature, and foun8. 

strong selective absorption, with a band head at BrOl A' and a 

a t  about 3417 ~'i - 
The absorption specerram fn the region 3500 - 4000 A' was 

then again stuaied at Colmbfs ( 24), 'The %PSP6 gas was at a 
I ~ P ~ S S U H . ~  sf 86 mnB and a path length sf 102 em was usea, The 

five most prominent bands appear t o  be separated by about 



590 om*' (Table 19) . Around eaoh of' the 'main bands them ape 

groups of closely spaced bands, separated by ire~uenaies - of tha 
order of 100 m01. In aatiitim thewe ara apparently Z o w  bands 

separated from the main bands by about 200 &'I. 1% waa further 

reportea tha t  a thfak layer $12 m] of cl@aP erystallho soaid 

OPg showed complete absorption belm 4271 A' (Columbia 251, TRa 

Wg absoxption'at 42000 cmaP 3s about 1000 t h e s  stronger than 

that in the band region d i s ewsed  here, If is o o n t l n ~ w  md 

ertenda with gradually declining intensity,  t o  about 3l000 cm'l. 

A magnet80 field o f  19?000 gaues was f9md to have no effect on . 



I 
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-- 1 

I 

8 

- ( 0 )  Buoresoenue Spectrum Of Q (qo&c%b%p 2 6 ) .  S o l l a  

exoitkii by A 3680 A', shows a brigbe v i o l e t  i~uorescemae 
I 

at  77% vihih~ch disappears a t  room temgeratur@. No fluolr@saeno@ 
/ 

could de observed f n O F g  v a p c ~  even with Ion$ expoata+ss. The 
I 1 

fLuoSe"'isoenee spectrum shows diffwe b u d 8  ~vfth a aepa~atiom sf 
/" 

abas'ht 220 omw'. The xuaxhm of intens9ty appears t o  be near 
/ 

0$,700 anm1; the pang@ oovered is 22,000 to 24,700 ome1. A snag- 
i 

,/ 

i; 
netfe fie18 of 25,000 gauss had no effeot on the fPmres~ence 

s p e c t m ,  

1 
TABLE 20 

FEUORESCENGE BANDS OF S O D  WEWYXUM gEE'a6A;FXATBOIRDL bB%P 77% 

1 

I 
I 

I 

I I 

I 
I 

I 

I 
Qa) 

I I 

s p e s t m  of WF WE?) has been stutlied by J, 9Pwksvfob (Cofmbia 13) I 

with resm%%a ~ ~ h f o h  are rsmaklzsb Bxa Table 21, 
I 



TAB- 23. 

DUFRA.d€ED ABSORPTION BI,NDS OB WLSEOUS URhMms' IMnLUORIDE 

The Raman speotrum has also been studied. Tbe Columbia 

Group reports that., l iquid UP6 at , 1 0 : . 9 ~ ~  gives tvao R~amhn l ines  

at 608 mox and 228 om'l on 3 hour exposurQ Lo the mercury I h e  
I ' 

I f  4358.34 AO ( Columbia 27) . . The most inte~se  l i n e  is at 603 cmml. 

Another Ilne at 572 was predicted but v~as .no%. fowad; is, 

I perhaps. mashed bythe  l ine  at 603 amo1. 

I Another,study ddZA.d of the. Roman spectrum has also been -made at , 

~ 
I 

qolumbia (19 1. .' A number of experiments ware. perfowed , w b g  i . . 

0 ~ 4358 A exc%tation. Despite efforbs to reduce pho%odeaomposi- 

tion of $he liquid UP6; a 'su~fi6ient ennomt of fine fluffy solia . '  

> .  . ~ towed in i.15 ,minutes ' to necessitate stopping %he expormre, baaauss 
._ ._ _- _-._.._ --- -.-.--. I *_r . , . .... .-.c"..",-./-E.-~ -.---.- .......- . . , . . 

. . 

a apparatus ;.that of the h e r l a a n  Cymad.de Cb . . at 
.Stanfordl.,.Com, , .  

. . . .  . . .  , . 
# .  



of' thescst%ering of light. by the sol id.  3% was impossible t o  ' ,  

determine tvhether or not them were any %man l ines below 

I 300 am-1. Two Raman lines were Pound outside chis region, The 

I average values obtabed from exposures of the liquid were 
I . . 

856 2 g-cqml and -+ 3 omm.l. me high trequency line %as aham 

~, . 
and strong , while the lov~er frequency line . 'was , quite vrealc and, 

I, . somevJhat diffuse. Attempts 1vere.made to extend the data by the  

I use of W6 solutions in iluorooarbons. ? ~ ~ . t h  4358 A' padfation 
I 

photodecompos%tion s t l l l  took place as  w i t h p u r e  hexafluo~ide. ~ 
With 5460 A' aeadiation, no deeompogi%fon was evfaent a m d  a snt-  I 
isfactory Ramen spectrum was obtained. A strong l ine at 202 cmel 

I 
I 
I 

dke 
was found in oddftion to,line previously found at 656 amm1. The 

line at  511 awl bid not appear, probably becc.use of icw intensity, 

and the 656 emw1 line was shifted to 666 fn the fluoroqcarbon 
\ aollution, 

The, hlra-red and Raman data have been analyzed by Maye@ a d  I 

Bigelefsen (Columbia 19). The fnfra-red data indicate Lha% there 

may be an accidental degeneracy. It is assumed t h e  the Pundo-. 

mental frequency f s abolat. 640 that a doublskwe~eone f all8 

at about the same point, so that %he Lwo lines at 623.am-"and 

: 615. a d ,  originate fzom the interaction or .two levels  at about 

640 bn~'~.  ' The f ollowlng frequency assignment was made an , this  ._.. . . . 

ar%smp%%on, 



FBEQUENCY ASSIDNMENT FOB DASEOUS URRNrmiI EEKAFLUORIDE 
RASH) ON RAMAN SPECTRA . . 

Calaula%ed and observed fnfra-red active double overtones are oom- 

pared in Table 23, -.... 
n 



2.,5 ELectric&alld Zapnetic PropeAies, 

(a) Dielectric Constant, Earbigd m d  mplnzett mporbed the di- 

electric constant .-6f UF6Fg(g ) at room temperature and atnospheric pressure 
i 

tobe 1.04% (8rit ish (261, They later revised th ik  value to 1,0043 2 
R 
Y 

(~~'001 ( ~ r i t i s h  10,):" A careful dete-tion at, .&hcston University i: 
gave Wie ' f P s v ~ i n g  results (Princeton 1) : 

TABLE 2b 

DlELEZTaIC CONSTAW OF GASEOUS UilANIUBB HEXAFLUOBIDZ 

- 7 W . P U - m -  v-vw- .  

Pornperatwe I Dielectric Constant I HoPecular Polarization I 

Prom a knowledge of the dielectrib constant, , of' the gas, the mlap 

palaa8zatfon can be eaEeuLaLcd, and from this, in turn, by the use 

one can obtain the dielectric constank of the UquPd, The Britbh 

c a l c ~ t s d  values of P = 34 and (= 2,6 for the liquid (8pitish 10). The 
I * 

Rineeton group ~eported P =. 27,l a d  c=2018 at 65q0  These values (pps 

typical of nonpolar l i c p i d s ,  

(b) D i - m a  Smyth and Hannay (Princeton 1) have calculated 

the dipole moment of gaseow UFb at various tmpraturas fromtha di- 

electric constant, It Wias found '(see Table a) 



that the molar poParizatllon,P, does not wary with temperatwe., 

P is defined by the well-knoivn Debye ' re la t  fonahf p : 

The absence o f .  any significant variation of P with temperature , 

ind ica tes  that the dipole moment f s 'probably zero. By the 

usual cr i ter ia  it is  concluded that, while m6 60uld have 

dipole moment of < 0,s x 10-18, it is logical to assme t ha t  its 

( 6 )  Uranf m hexaflusride appears 

to  be pn:rmagnetlc. Benkel and Klem (19351 found the specif ic 

sus~ept~bi l l l i ty  of sol id t o  be c0.12 x I Q ' ~ ~  and the molar 

ewoept f  b i l i e y  +,43 x 10~4. With the  molar susceptibiiity cop- 

rected tor  ,di&(1@yki.Sm (U . 23, F = 7 . 2 5 )  (Tilk. 19239). a value 
.<!, 

. of + ,108 x ' i~ -~ ' i ?  ob$ainedi The $amagnet$sm seems to be in- . 

dependent . . o f t h e  tkpperature, 

t i a l s  of' the'monovalent ions p~oduoed b y  slow electron bombard- 

ment of IFg have been. determined (CW-TEC 4):  
. . 

. . 
TABU 25 

. . 
CRITIOAL XONTZATIOBY WTE~~TULES OF UFg GAS 



-qi m Hexafluorbd~ Molecule. 

. . s t ruc tu re  of umalun h6xatluoride has been studied by e l e c t ~ o n  

diffracr%$en, x.-my ~rystaflography~. Bofaan sglectsm, irtlfra-fpsd 
. . .  

spectrum, ma aigole moment, -"'.'The evidence atpaif able indicates  

that.UF6 p ~ s s e s s e s  an undistorted octahedral structure. 

j a)' Electron DiPlractf on Studies. Ebeetron dPFf ractiow 

s t u d i e s  of DF6 were first cnrrled out by Brame and Pimow 

(1937) . They reported imegular st,rubtures f o r  the hexaf luorides 

sf uranium9 tungsten, 'and molybdenum,. possessing hollokedral 

orthorhombibc symmetry, the three : pairs of 1%-F distances havine; 

the r a t i o s  B : l , l % f  1022, For the ux"anftima eompsuwd, this leads 

t o  1.78, 1.99 and 2.17 A' fop the metal-iluozine dis%moes. 

Baaer Qeo1mbia 28) hves%%ga$e& the electron diffractlow of 

WITB vapor, using 42 %.tp eIeC'trm3, ancl concbuded that all s%x 

U-F distances eoabd not be identioaf.  TWO models could be. 

reconoiled wdth his data. (The symmetrical octahedral stmotwe 

as . w e l l  as severa'l other passfble strugstures pr~ere exclIbu6bdo) 

~ a u e r  ~elieoted as the most probable structure a defomad oeta- 

hedron with the f luor ine atoms at six comers, &d the uranium 

atom in t he  plane of 4 fluorine atoms. The $nteritomic distsnce 

for this inode1 arei 

". - G 

Two adjacent O - 0  P = i.87 0 0 0 2  A'. 

: Two opposed U - F = 2 3 2  !: 0.03' A' 

t ~ v o  'adjacent U - P = 2,22 - 0.03 A' 
... 



The distortion 4s in a direction as to produce nearly equal 

F-F separations (about 2.9 A'). 'This stmattam is s M l a s  t o  

that of Braune and Pinnow, but the absolute'valraes of the iatar- 

atomic dfstaoes are larger by approxbiatelby 5 per sen%, 

The model proposed by Bauer has no aente~, of syxrxnetrg and 

must therfore have a smaP1 dipole moment, !!?he analgoy to &he 

stmctwe of umnJlum metal found by Zaoob and I,Vamen $1937) %s 

clear, 

(b) wale &men4. Ehytk. (Prlnoeton 1) pqJlntsd out that - 

the atmetwe proposed .by  bane^ neesssitatec9 a dipole moment of 
. . 

not less than 1.5 x 10- l~  and probably laxypr. , Meacturmen$ of 

the dieleetfl'c eonstant sho%wed the moment t o  be no larger .than 

0,5 x 3.0-~~, and vesy likely, zepo Eo. This rendem Bauerss 

proposed stma%ure untenable, Smy-bh further pdfnted out %ha% 

one of the models Bauer had discarded fitted %be eleetronn dff-  

f metion data qu8te' well, Thgs stmetwe has und%sto~%e~ 

oslahedml aagles with %ntem$sm%e dis$aces: 
. . 

Two opposedU - 'F 1.81 A' 

Two oppose& U - I? @ 2.12 

TWO oppcsea I J , ~  F = 2 3 2  AO 

This atraoture would have three p S r s  of mutmB%$ sppsalng md 

cnanoeling dipoles, which would give , zam .moment to the molecule 

as a whofe, 
. . 

( 4  . . 

is ,2e, se, 27 1 ;  he appearance OP only t h ~ e e   ama an l b e a  

is strong evidence for a spmet~%ctal ootalaedral s%pucture for  

UPBB since POP any other model, mops Lbss ,should appear. If 



the % molecule is a regular octahedrcn, it belongs to s;metry 1 

.! 

group Oh and seleotion rules show that only three Raman lb@s 

are t o  be expected; ,a  tetm,gonal oatahedron (D a or Cm) would 
g%vo .a 'mush larger numb&? of f b e a  , . Only a ' plane .hexagon 

' 

(Deb) would give an eqw1.l.y small number of 1in.s as the regular t 
P .  

sstahedron, It has further been pointed out that  even if only 

two opposPOe tmmlm-fl~ofide bon8s were elongated, thb Roman 

lines at . amm' and 202 anm1 should be eplit. No suoh split 0 
.' . 

ting i s  observed. The InPra-~ed spectrum shonsonlg one fmda- ~ 
i 

mental irequenoy .beeween 600 and 2100 am-%, and th i s  also e m  

be explained an the baafs of oormplete .. ootghedral . synmietry, 

(a) .. g comsx~ ' a 1 . x-ray. e b ~ t x t ; ~ ~ % ~  

of aylinarioal . . single crystals show that UFg(s) possesses or- 

l6 2 Pnuna; A t  ~&%,thls thorhombic :holohed~~r. space g m h p  D2, 

parameters arei a = 9.900 2 O.(I02 A", b = 8.962 - 0.0.02 A', an& . 
' a 

c -" 5,207 1: 0.002 AO. The unit oel lcoutains four molecules and 

the x-ray density oi the  s o l ~ t i  at 25'~ is ' B .OBO 0 .OOS g/oc. 

A .ompasefson between exp~rhentaf%y determined andl w(lbdea%tq 

. . pameters ZOF this structure is given In Table 26, 



COMPARISON OF E Y ~ ~ 4 ~ ~ T A ~ , 9  DBTERlvlf N ED AND " IDIUL'@ F?L~~PAP~~~TEWS 

OF TTiE URANm HEXPafilLUORJCDL STRUCTIRE 

The x-ray data do not indici te  a completely reeular octachsdral 

. copfiguration for the molecule as it exfsts in the crystal. The 

fluorbe atom are %n np?rs?hately @losest pa@k%ag; there appears 

to be a real but small deviation from idea% s-ymnet~  in a sl$gh$' 

flattenfng sf the'mobecule along the n o m l  so the plane QP sym- 

m e t r y ,  This slight distoptfon may be the result of non-isotropic 

vibrations in the crystal 4nd is compatible with a perfectly 

regular configuration of the molecules in the vapor. ' . . Tbe con- 

figurations favored by Bauer foi the vapor are definitely excluded 

for the orystal. . . 

Urnbum hexailuoride fs o highly reactive 'substance, Its 

chemlcol propertias w i l l  be discussed under thme headings: 

3.1 Deaeml  chemical behavier; 3.2 So~tLcsaa of raran2u.n IlexaflwrPgs 



i n  various so lvmts ;  3.3 Comosfve effeota on metals eyld other 

. mater ia ls .  of oonstruotf on, 

3,P General Cbem%bal.BelhavStsr. 

( a )  ?:?ater. - Wg s9acta vigorously with ~vnter, f o M n g  mainly 
- - 

' ,  

U O g Z  and Rip. Conside'roble heat is evolved i n  t h i s  reaction. 

(See See, 2.2a. ) l,Vhen v~orking on a larcs scale, it f s advantageous 

t o  carry out the  hydrolysis by introducing UF6 i n to  d i l u t e  alkali, 

either as vapor, OF by lLguefyiPlg UF6 vapor and allowing drops, t o  

f a l l  into the  wdrtpming'vessel a Rough calculations indicate that 

the heat of solution of UFg i n  d i lu te  sodium hydroxide is about 
+ - 

-1.18 iccal/moI.e ( d u ~ o n t  2 )  0, 
The reaction of IYFe with NaOE proceeds as f OPBQI~JS : 

A t  n p a r t i a l  pressure of 15 nrm of UP6, the rsaotionwftPl water vapor. 
. . 

gives a dense 'white smoke which settles rapidly. A% 0 .5 mm UF6 

no smke %s vlsfb3.e (Brit ish 2 9 ) ,  X-ray s%ud%ea showed that Bn$e~- 

action of UP6 with A20 vapot does not give pore UOZF2, but rathe2 

a complex of U02F2, and ~ 0 ,  frdm whioh pure UOgFZ can be 03- 

talbnedt by heating t o . ~ € 3 0 ~ 0  or higher (British 28). This s%atemen% 

probably reqpafres v e r f f i ~ a t i o n .  

o o q l e t e l y  stable to oxygen, nitrogen, and dry afse, No resletf on 

ocaurs with C02, but oautPcm m u s t  be exerafbsed since P%laorfnation t o  

carbonyl fluoride and subsequent explos%on ,may ~.corax°. 

( 0 )  w e n s  (Ruff, 1911). UF6 i s  soluble t o  a consfderabla 

extent $a liquid eh1orhe and bromine; it does not reaot v~iQb 

gaseous chlorine or bromine either in the coEd or upon Beating, 

The behavior of Iodine has .no% '$eem stud%s8, 



Ruff and Heizelmann stated that W6 ~ e n c t s  with Ustantan- 

eously at room temperature. However, more recently, repented aetempes *! 

t o  reduce Ws with hydrogen have a l l  resulted in fablure. Thw, 

the Ams Group Pound no reaction below 390'~. Even above 5 0 0 ~ ~  
1 

reactfan was only moeferately fast and incanp%e'te, leading to a aom I I 

plex mixture of produces (MP Ames 2 ) .  Addtitlon of a small amount 1 
1 

I 

of chlorine did not catalyze the reduct2;ne Similar obsematA.ons 

have been made by Brltlsh workers, vrho Pound tha t  the reaction of 

with B~ required a considemble energy o r  ?.ativokion; reaction 
could be initiated, for erampl'e,, by ultra-violet l i gh t  o r .  by 'elect~PoaX ' 

df sch*rge. Various materials sere t r i e d  as oatalys%s. h'mag them 

wer.& HZOs Ts. Brz. 12, Wz, W4, 004, C12, BC1, Q8Clp, and, leDlg, 

but only the  cNorf des had any appreciable effect .  Even in %be% P - i 

presenoe,reictfon is slow an8 only  impure produc%a.pase been 

sulfur dioxide failed to reduos UP6, when passed thrcugh 

efther 6% r*om t€m$esature, o~ on 'heatbg . . Lhs mk&ure bn . ' . 

a niokel tube  'to' 150'~ .(w: Ames '9). mJ$~jg. under the sane 
.. - 

conditions ; apparently reduced W6 a The product, ho&ver; contained 

oonsfderable csarbonaceow matsrfal $]bP A.mea 8 ) .  Recently %L has 

~ been found tha%,W6 o m  be reduced t o  'OF4 w i t h  propane. ushg  a 

tozch t o  samy out the peaation (SAM-Carbon and Carbib 6). h - 
xni3S$ue of hydroaen an& arshe  faCblls to redude at room tempeza- 

4 



O6 reaats with hydro~en chloride a t  200'~ and much more rapid- 

l y  at  250% o r  300% (I@ ~ m e s  4) . A t  200~0,  a mixture of  brown, 

green and black products v~as  obtained tvhioh, when degassed . 
. 

in vasum, 

beaame green ( compare YO I U4FI1) ., ' ~'lat6r.3 al from t he  250% exhepi- 

ment was predominantly, brown, ~ 5 t h  some green arld black pasdiuet 

also present. The reaction is best carried out i n  an al l -nickel  

apparatus. The W6 Papor is swept i n  a stream of nitrogen i n t o  the 

chambear vrhere it is brought in to  contaot nf th  hydrogen chBo'8'fde 

jush ins ide the chamber a t  a temperature of 225%. The reaction 

product consists  of twhite and blue needles vrhllch papidly change t o  

green in a i r B  and which must be heated in vacsam% %s obtain pW8 

WCO This 1s probably the best  method f o r  reducing UP6 $0 UF4. 

With hydrogen bromide the react ion proceeds smoothly, at 8 0 ' ~  

g%vibng a If ght greenD ffufig powde~, b a f y s i a  sh0'1e8 the grersmee 

of oxgfluoride a aontaminatf on v~h'rhich was a t t ~ i b u t e d  t o  the  water 

content of the  bromine used in preparing the 'hydrogen. brodde . 
The .f"oBSgawrhg themody'namie estimates were made f o r  the redtac'bbon 

. . 

of .by hydrogen and the  two hydrogen halides ( a t  25'0) : 

Reduction of W6 with hydrogen must have a particularly high aotiva- 

t ion  energy, since t h i s  reaceion is by no means f a i t  even a t  . BOO'C, 

whereas $he other two reactions gmceed much mre rea&f%y, 



I 
The Ames group has studied the reduction of W by ammonia 

6 : 

(I@ nPes 5). ..Gaseous .ammonia reacts  wi th  UFk a t  dry i c e  tempera- . . .  

ture.' The reaction has a l so .  been carried out i n  the  gas, phase a t  

300'0 in R niakel  reao%of. The product obtained i n  t h i s  way is  not 

. 11FQ0 X-ray s tudies  showed the  presence of amonbum fluoride. 

Some new, unidentified l i n e s  werea l so  p r e s e ~ h ,  but there were no 

l i n e s  due t o  W4. Chemical analysis indicated the presence of a 

double s a l t  corresponding t o  a mixture of 2 per cent NKqF 

98 per cent N I I ~ U F ~ ,  

. Experfments in which W4 was fused with an excess of acid '. 

ammonium f luorlde a t  45Q°C until all the vaas ex-pelied yielded 

a product which had an x-ray patterm prac t ica l ly  indistinguishable 

f ~ o m  the reaction product of IIFB and NH3. Analytically, also,  the  

: produats were'gractf cal& f den t i  oal, . .  . dif f e r h g  only i n  ammonium 

fluoride, content. The, x-.ray. diagram indicate6 t he  arrangament of 

uranium atoms i n  t h i s  doubie sa le to  be very d k f e r e n ~  f w m  tha t  4x1 

m4'. 

The l iquid  phase reduction of Wg by S I C I 4 . .  S0CI2) and PC13 

has recently bcp@;sstud-ied. A11 of these reagents reduce UP6 at 

room temperature, and thionyl ahloride apparently gives a q u t i -  

t a t i r e  yie ld  of UF4 (Cl?2iiTEC 5).  

Amorphous oarbon redi~.ces W6 t o  WITTFa on heating, with the  

formation of CIP4 and other  f luor inat ion hy~roocarbons. Silicon, 

on heating, yie lds  SfHP4, while arsenic yields  AsFa0 Pha 

reaats, l i k e  s i l icon ,  and on moderate heating gives P F 3 ~  UF.6.. 

alao reac ts  with sUfwi giving W4, US2 and a slalfw f luoride 
. , 

(mop. E - 1 3 5 ~ ~ ~  bop. g' -4Q°C) which is probably (RUQP~ 'i83.1) o 



The reactSon of with mercuric cyanide has been studied 

in an attempt t o  prepare v o l a t i l e  uranium ccrnpounds containing 
. . 

the  d C  gmup ( w h w  is i s o s t e r i c  with G O ) .  UF6 was d i s t i l l e d  

on t o  dry Hg( CN ) 2 and ailowed to react for 24 hburs ? . flowever, 
I 

no v o l a t i l e  products other than UF6 could be detected, and the 

FIg(CN) 2 appeared. t o  be unafie,ct6d, (British 29) . 
Hifecto (.ID Chicago 3,4) . 

undergoes. 'decompositf on when bombarded by e'lectrons o r  deut eronn. 1 
. . . . 

Gaseous U F ~  (75'0) , exposed t o  2.2 Edev electrons'. ( exposure. 

of' 3 5 ~  Pifor 120 minutes) gives . . a voluminous deposit of . g ~ a y  
. . 

sol id .  if quia ( 75%) when i r r ad ia ted  with 2.7 Rlev electrcins 

(3Yc b )  a l so  decomposed Lo an appreoiable extent ,  There is a 
. . 

marked i n c r e a s e  in pressure i n  a closed systen due to t,Ze f a r u t i o n  
. . 

' of a gas v~hich appa,rbntly is free fluoaopine. EombnMment of . 

. vapor ( 1 5 O C )  with 6 ldev deutekons a t  3 U, f o r 1 5  minutes P . .  

oauses the formation of' a .gray'soljld iranaotagle o m p a ~ a b l e  t o  that 

. obtadsea .by electron b~mbas&ent. A t  150'~' the ihsnokena a m  

qual%ta%BlcpeXy t h e  s m e  a s  the  Power temperalures, but indications 

a r e  t h a t  less deoomposition occurs presumably because the back 

reaction (m5(? ) c F2 ----+ proceeds more rapidly. A 
. % '  

.blank run showed t h a t .  f he react8ons ' observed a t  1 5 ~ ' ~  were due , . 

t o  m d i a t i i n ' a n d  n o t t o  thermal. decomposition (of mg) o r  t o  

; att,aclc on the bell. 
. . 

The resu l t s  f m m  radf atgoxi are s imilar  t o  those obtt ibed in 
. . 

exper~ments on the  irradiation 6f TWg with U t r a v i o l e t  . l i g h t  
i.. . . . .  

. . (Columbia . . 29) ; ~ r & i u m  .hexafluo~%d;e, when exposed t o  radbation 
C ' . .  

. .  ' f6om.a DiE. ,.,%me S-P sunlamp at / L O ~ C .  fop  a 1m days deposited . ' 
. . 

. . 
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B heavy coating of white t o  yellow dust. A permanent gas was 

formed v~hich, f r o m  its mpor presgure a d  reac t iv i ty  tov~ard 

I metcWY, appeared t o  be free fluorllne. Lack of data' prevents a 

1 more exten888 disauas%om, 

( i )  ReductZon of' ma ~ J I  Metals. These reactions are dis- 

cussed in d e t a i l  i n  Section 3.3a on the oorrosion behavior of 

mi . 
3.2 Solbut ions. of U m f  m' Rexaf Puori.de in 'Qari oua Soloen%s, 

(a )  M!l,scellaneous Organic Com~ounds ( R u f f *  1911 ; Columbia 6 j 

Uranium hexailuoride dissolves in a number of organic solvents 

t o  form prac t ica l ly  perfect solutions. Since UF6 is a strong 

f luor inat ing agent, L t  reac ts  with most organic ocmpoud's t o  

give hydrogen i l w r i d e  and carbon fluorides. Soluelons in some 

chlorinated hydroaarbons, however, are qui te  s t ab le  f o r  periods 

up" t o  seveml weeks. Recently, aomplatsl.y fluorinated hyiiro- 

carbons have been synthesizadwhich are absolutely i n e r t  t o  DFg. 

~ 'andl a cons%de%ab%e amount of, solubi8%'1;$ data in such solvents 

has been obtained a$ t he  W Caabbide and Cn~bon Laboratories and 

a t  Colwb%a University, 
. . 

Alcohol and ether react rapidly a t  room temperature with 

UFg t o  give HF UOzFg, and aarBcnaoeous material. Benzene. 

e n  snd =ens, also reoit ' rapidly. mg d f s s o ~ v e s  nitro- 

benzene t o  give a dark. red solutf  on \".:hioh fumes In a i r .  

Pareif  in =drocarbons ( t o e .  , n-octane; do not dissolve 

WGs but reeot rapidly a t  room temperatures with esoliation. of 

hydmgen fluoride and ca~boriiaati6n. Oils aontafnhg unsaturated I 
'! 

i 



hydrocarbons react  more rapidly. is insoluble i n  carbon 

disulf ide.  !'JiEth dry CS2 a slow reaction takes place; with moist 

CSZD8uliur f luor ides ,  very s lmilar  if  not  ident ica l  with those 

obfahea by the actfog 0% UIP"6 on sa;alfPur, are fomeB, 
, . 

UP6 Pa soluble in carbon te t rachlor ide,  chlorof'orm ad. sw-. 

metrfcal tetrachBoroethane, Of these s- %et~achPoroeP,bmd~ 

CP2CHCHCIL2, f o m  the mosf s t a b l e  so%utioa, ex%ens%ve* reaction 

oceurfng only a f t e r  several days a t  room Lemperatu,re, On bofl- 

ing ,the ,yellow, solution of UF6 i n  C G 2 C 1 4  becomes coior less ;  it 

r e g a b s  its yelfsw coLor on cooling,indl@atfng t h a t  %he eolor 

may be due t o  complex formation. Some reactions of - D S 2 C l 4  

s-olut ims have been exmhed, N i t r i c  ox%ae, NO, colors such 

solu%ions blue-green; gaseous m o w f a  f o m  a green color, w i t h  
\ 

t h e  sfmultaneoas separation of a flaky material containing 

easily soluble i n  d i l u t e  sulfurPc. acid,  t!ms differing from UF4. 

Its composition is m b o v m ,  Arsenic trSchPoride prec ip i ta tes  

a rust-brown so l id  soluble in excess reagenti, These reactions 

of dissolved UF6 merit more detailed study. Pentachloroethane, 

CC13CC1ZE, a l so  forms a yellow mg solution whioh becomes qolor- 

l e s s  on boSl%np.. This solution deposf ts . .?ood crys ta l s  of' ,m'f3 . . 

on qochhg. S t ~ l t a t i s ~ a  this asPve8a6 ass no28 8tabL0 thm $hose 

in tetraoNoroetham;'~~Jigth only o s n a l l  amount of d600mpositicn 

oecurbg  a f t e r  several  wee-, 

chloroethane, FCI2CCCl2F; reoats  rather rap id ly  w i t h  DFg. G a s  



evolution occurs (probably CC'12F2), and ultimately a l l  of the  

IIPs is reduced t o  W4. . ~ - & @ Q ~ ~ ~ ~ ~ ~ ~ @ $ ~ p  Cl$ = CCm, reoats 

tnrmediately t o  form , 1 1 1 ~ ~ ~  . 

( c)  ~ ~ u o r o c a r b o n s  The completely f luorinated hydrocarbons 

a r e  extremely i n e r t  t o  most reagents. The only reagent known 

to' react  with them a t  ordinary temperatures is flu~rine,~~h:lhiah 

reac ts  t o  form CFCo J t a l l i c  sodium o r  potassium react  above 

4 0 0 ~ ~ .  The thermal stability of the fluorocarbons is high; 

temperatures of 4 0 0 ~ - 5 0 0 ~ ~  do not a f fec t  them. N i t r i c  acid 

(96 per cent ) ,  frrmlng . . s u l f u r i c  ac%dp aoiO chromate, o r  per- 

manganate solution a r e  without a f fec t ;  bromine and iodine do not 

react  although hydrogen ( 100 atmospheres, 4 5 0 ~ ~ )  ' removes some 

f luor ine  a s  hydrogen f luor ide.  Dilute . . .  or  concenratsd a l k a l i s  

do not aPf ec t  the  ~ u o r o c a r b o n s  up t o  1 0 0 ~ ~ .  The l iqu id ,  sat- 

. , uMlted f ;&rocarbons a r e  insoluble i n '  water, alcohols . and 

hydrocarbons,but shovvapprecioble so lub i l i ty ,  and a t  higher 

temperatures, complete misc ib i l i ty ,  with chlorinated hydro; 

carbons . The fluorocarbons are completely m4~0ibPe with ethgl 

ether and with pa r t ly  fluorbnated hydmoarbons such a s  benzo- 

t r f f luo r ide ,  C & O C F g 0  For d e t a i l s  of t h e  preparation and. other 

propert ies o f  these in te res t ing  compounds, the render i s  re- 

fe r red  t o  other  volumes o f  t h i s  ser ies .  Ths physllcal propert ies 

of a few fluorocarbons a r e  given fn Table 27, 



PHYSICAL PROPmTIE OF SOhE FLUOROCARBONS 
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TABLE 27 

PHYSICAL PROPERTIES OF 30h4E F'LUOROCARBONS 



Solutions of m6 in fPuorocarbons are extremely stable. 
I ' : Reduction, which is occasf onally o b s e w d ,  i s  usually a t t f i -  

I butable t o  reaotPon with t he  container of t o  small m o u n t s  of 

hydrofluorocarbons which m y  be present in the solvent. Pure 

fluorocarbons ( C6F12C7F16) show no reaction a t  9 5 ' ~  after several 

hundred hours (Columbia 30). Gaseous UF6 does not react  w i t h  

11 -C7Xle a t  3 0 0 ~ 0 ,  although both compounds begin t o  show signs 

of decomposltf an at higher temperatures. 

.To a first approximation RaoultQs L ~ V J  f s obeyed i n  

fluorocarbon systems. Solub%l%tfes m y  therefore be derived 

on t h e  basts of Raoult's Law and vapor pressure data f o r  tam- 

Bum hexaf 2mrf de. . A t  h y  temperature belov~ the t r ipbe  point 

( 6 4 , 0 5 ~ ~ ) ,  the  so lub i l i ty  of W6 w i l l  be directly proportional 
1 

t o  the vapor pressure of the s o l i d  a t  that %amperalure. Employ- 

ing the vapor presswe data f o r  1 % ~ u i d  m(5 embodled in a~tmtfon  

(32), equation (71) can be obtained. shlch ~ l v e s  the s o l ~ b i l i t y , N ' ~  

O ~ U P ~ ( ~ )  in terms of i ts partial pressure over t h e  solution: 

(71) log N1 
3 

150509 T -7.5228 log/- 

/ partial pressure of W6 above the  where ,, 
solution 

T = temperature 5.n OK 

This equation fs applicable up t o  the canit%oal temperature 

if Raoult9s L a w  is obeyed, 

For temperatures below 64.05'0 ,equation ( 71) is still np- . 

pficable,  It is necessary, however, to use mextrapo%ated liquid 

vapor p r e s s ~ p e s . ~  AS the par%ia1 pressure of t he  sol.ut.e, 'm6, 



is raise&, it will reaoh the vapor pressure of the p w  solid , 

before attaining that of the mextrapola.ted llqUadn belov~, 

64i05'~; , as sion as a' sol id W6 phase appea~s,; . solubility will 
j 
1 

be at its msxbmm. The ratio of so l id  to wextrapolatd. 119uiBm I 

I 
I 

vapor pressures w i l l  express this point of m a x b u m  solubllftiy, 

and using the data for UP6 vapor p~essum given in equations 

1. (26) end (321, the solub.ility of Wg(,) is gtven by: ! 

i 

1 Th%s dfscuas%on of' perfect sa8u%fons %s bas& on ' that  of 

RaouPt?a Law aafoubatiohs,ecs given above,are adequate for . 

laany pmposes, IXotve~er, mang of the systems' exadnea show .Us- . 
. 

viatias sf PO to BOO per cent ixpom tho Rasult Law calouBatisns, 

The devfqtions are positive, i. e. ,- , , low solubility, , espeaially 
d 3 2 8 .  

I for low values of Nm6, In Table 28829p80,31 and 32,a~ gi wm 

experimental values of the solubility of W3(g) and 71Fg(, in 

three flluomcarbsns, The a c t i a t g  cosffieient, ' I : ,  for UF6 fs 

define& as: , . 



= aotivity aoefl iclent 

I I obse&red mole fraction of. W6 in solution 

a s '/to whioh f s taken as equal to '/P*, GC. 
b 

RasulltOs mole fraction . . 

from lRa~U%~s Law is indf cated, The data embodied Pn t& tables 

Total , ~ m ~ ( ~  g per EaoulP; 
P m  lr n  100 g solvant ' *UB~ Nm6 

* g C o l ~ b i a  32) , ** assumhgT ether = 1 



TABLE 29' 

SOLWILITP OF SOLID URANIWM REEQLUORIDE 

IN P ~ B O R O  - I S O P R ~ ~  m ~ m  ( C,F, 
' 

syst6m are shown grnnhically in Figure 100 l f%WY3 3.1 

. shows some vapor pressure - temperatum curves for the 



FIG. 10. ' URANIUM ' HEXAFLUORIDE - PERFLUORO - 
2 5 .  

\ ' ISOPROPYL: ETHER SYSTEM. 
;: a 

$* --- RAOULT'S LAW 

0 CONCENTRATION CALCULATED FROM SOLU- 
BILITY MEASUREMENT AT WHI'CH SATU.- 
RATION WAS REACHED. 

x EXPERIMENTAL DATA 



0 ASCENDING TEMPERATURE 

0 DESCENDING TEMPERATURE 

I = PURE ETHER. LOGIOPm, = - 1 4 9 2 1 T  + 7 . 4 9 8  

II = 17.6 'MOLE ' X  UF6. LOGIOPmm = - 1 5 6 6 1  T + 7 . 7 7 4  

III = 29.3 MOLE % UF6. LOGIOPmm = - 16151T + 7 . 9 5 4  



TABLE 30% 



TABLE 31" . . 

SOLUBFL1[TY OF SOLID URAEJIUM REX~IFLUORTDE 3 3  

PEWLUORO-n-HEPTANE C7Fp6 



TABLE 32 

SOLUBIL- OF GASEOUS URANIUM REXAFLUORIDE 



TABLE 32* 

SOLBXLfw* OF SOL33 URAMIUhf IE=.mUORIDE 
. . 

IN PERELUORO-D- DYGLOPIEYW, C8F16 

Total 63 mg/lOOg Raoult 
!PC P mm Nup6 Nm6 

S ~ l ~ a n t  6 
p- 

. - 
4 elf'ex b . ** h E 1 u b i l i t G  probably accurate to  d t h i n  2 2%. 

( d )  Solutions of U F E 4 s .  The qualitative 

behavior of uranium hexafluoride with a large n u b b l ~  of horganio 

1 vesolventsR has been studied at the SAba Laborr?tor%es of Gobmbia 

Unfversity (Columbia 3.2). Ciuantifafive data have been obtained for 

the W6 - HF, andl W6 - BF3 S Y S ~ W  0 

The m6(l) - EllP system exhtbf ts extreme de~aliorm from Raou4bt8s 

lew ( Columbia 32). The vapor pressure oumres' for this , system are 

gZven i n  Figure 12. !Fhs system breaks down into phases iR the 

middle conoentratfon m g s  a s  does the phenol-water system, At 



. . 

- i FIG. 1.2.' VAPOR P R ~ S S U R E  OF HYDROGEN FLUORIDE - URANIUM ' , 

. HE~XAFLUORIDE SYSTEM; 
t 

1.4 = PUk>\ HF . In 0 = 9.01 MOLE % U F ~  . .  Y = 71.6 MOLE. $ U F ~  

a -  . ,R = 3.84 , M,OLE % UF6 XI2 + =)14.1 MOLE % UFe X V = 83.5 MOLE $ UFs 
1 .  . . 

t .ASSUMING .MOL. WT. OF HF = 2 0  
. . .  , 

I LOGl,ol?mm = - 1 3 7 5 1 ~  + 7.5697 P AND YI LOOIoPmm -l'375/T + 7.6519 
.= A N 0 . Y  LOGIOPmm = -1471/T + 7.9578 , 

' i  . . 
i , . 



68'~ and 4410 mm pressure, two phases exist between N = 0.05 
Q'6 

and 0.825. Solubilities for the one-phase system are given fn 

Table 33, and the UF6 - vapor pressure composition curve is 

eiven in Figure 13, 

TABLE 33. 

The meltfng point - c o t n o t  d i e e m  for the W@3" system, 

Figure 14, hss. also been worked out at' Columbia ( 34). PJP6 i s  mlg 

very~sparln&ly soluble in BFa at about -125°~, 

3,3 Reactions of VFR - w i t h  .Metals md O$her ?Jla$erials of Con- 

stnuctiion, U m f  urn Hexaf luoride , reacts with mst metaZs or other 

oomxa mteyials of <ronsCmction, The problem of fbd img h s r t  

materials has therefore received a great deal of attentiafl, 
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( a )  Me%aBs and Alloys. A variety of methods have been 

I employed i n  evaluating the comosfon res is tance of various 

materPaPs. Ruff' and Hefnzebm~ (1911) made a number of quaBSb- 

t a t i v e  observations by exposing various substoncek t o  .We vapor. 

Gold and platinum tvese reported t o  show no reaction in eke coldl', 
__I_ 

I but tarnished s l igh t ly  on heathgo reacted in the coldc 

~O'I )DQT ona silver sho~ved s l ight  attack on vmrming. ,sad; tin, 
.'\ . . ' 

zino and iron reacted more v'igosrogs%y than copper o r  si%ser0 - 
I Afuminum tvas covered with g vahtte coa'kbg, Sodium reacted rapid- 

I ly, catching f ire when warmed vrith UF6. 

An exhaustive series of investigations has been carr ied out 

a t  Columbia in an effort t o  f i n d  suitable materials of constnc- 

t%ono Pure metals, a 8~ery.la:rga number of alloys, and various 

I organic coatings arad efastsmers were examined by a so-called 

s t a t i c  method ( Columbia 35,36), Samples tamre placed %n a pmex 

tube, outgassed thoroughly, nna enowh w6 admitted to e n s u e  the 

presence of saturated vapor a t  the tenperatwe sf the tesL. 2'418 

tubes were then seaaed off and heated t o  the desired tempera- 

I tures fop long periods. ,The degree o f  stnbility of the material 

was estimated after the test by visual. obss:va%Pon of' its appear- 

ance. weighing, and other semi-qtkmtitotlve methods. The resulii, 

a r e  s~p~lnmarized in Tables 34 and 35, BrB$llsh workers have camfed , -  

out similar experiments with substant ia l ly  the same results 

(British 50). The only really s%gnlf%oamt difference sf oph ion  ~ 
occurs in the quLstion of the u t i l i t y  of steel. 

-R 





~ :.:-: ...... 
o..... . . 

o..... 

1 -...: 

Appreciable  mota ant 
of adherent green under a l l  condi- 

Som loss  in 
luster, No weight factory as alloy- 

Cleaned and Sl ight ly  dulled Bestmaterial ,  (a) 
after treatment, Suitable for any 1 

eond2t f om, 

l o  indication cf Probably satis- (a) 
factory at 7 5 q o  

Sanns as for Pdo (a) 

Massiwe EBeU Slight deposit, Should not be 
A fm black spots, used above 75QCo 
NO 1085 b wf3i&t0  

Gleaned and. Should not be 

Should not be 
used above 95%; 



the Eateris1 

Cleaned wfth 

Cleaned mechan- Definite coating 
Bronze of abrasive green 

. T A U 3  35 
CORKCBfOW USISTANCE OF SGti ALLOYS .IN UIWNIUEI HiXAFLUOi3I.DE Vi\POK, 

(cofitiraued) 



TABLE 35 ' ( ~ o n t h u e d )  

Observations 

$light by colored, 

(b) (~olumbi;? 35) 



Tables 34 and 35 may be interpreted.  &s indicating t h a t  

nickel ,  c o p ~ e r ~  and alWnrrm, in tha t  order, a r e  the  most re- 

s f  s t a n t  metals. Copper is. probably . superior to aluminum f o r  
. . 

piping oeving t o  the  ease with which ft  ozin be mag vaoum . 
t i g h t ,  These'three metals are by f a r  superior t o  afP the  

others in general, a l loys  a l so  'are satisf  sclory i f  they hake 

a high content of nickel , -sopper ,  o r  aluminum, 'Bhter ia ls  which 

form v o l a t i l e  f luor ides  on' which readily e x i s t  fra a number of 

difP 'ere~% valence states nre. in general unsuitable f o r  use with 

; m60 It m e  b e  emphasized t h a t  t h e s e r e s u l t s  are vul id  only 

f o r  very pure W60 I n  the presence. of even small amounts of 

hydrogen f luorf de , @amosion f s much more a&rious, 

Plated surf'aoes .also have received some study (Columbia . . 

. 35, 97). In 'general, p la t ing does not afford suf f ic ien t  pro- 

tec t ion ,  . POT exampB.eVb mm pla te  gave no protection to 
& . . . Cbmdm appeared sa t%sfac torp  up t o  a temperature of 

130~~,', but a t  t h i s  temperature the  ;sample was coated with a 

heavy hygroscopic deposit,  which, when removed, a l so  r?moved n 

consfdembfe part of t he  plate.  A t  160%; c h r o d m  p la te  waa 

very ineffect ive,  and s i l v e r  pla tes  do not o f fe r  ~nt\cBa 

proteet%on. Copper plats offers I i t t l e  protection, Nickel 

p la tes  of various types were f a r  supsriok t o  any othor tried, 

The Br i t i sh  ~voBPkers cmsfder  nickel  p la te  on a bopper un(heresa% 

t o  afford -completew protection t o  s t e e l ,  
' 

Allthou@ a difference of opinion ex i s t s  with r e s p e c t , t o  . 
. 

t he  corrosion resistance.  of steels, it appears cer ta in  %hat 

direot  contact of s t e e l  with W6 a t  high temperatures should 
. . 



be avoided (Coltnmb3.a 35), . SAE 41N s t e e l  bee= t o  lose  weight 

a t  75O~,  and a t  l30OC. had l o s t  an appsecf able amount i n d i c a t h g  

serious corrosion, Stainless  *stetel (1808 EZ 303 and 416) is 

attacked appreciably a t  130% and very serPously a t  1 5 0 ~ ~ .  

Sta in less  s t e e l s  should probably be avoided, Hov~eaer, 'Br i t ish  
' 

workers f h d  degassed m i l d  s t e e l  and-cas t  iron to be qui te  

sa t i s fac to ry  a t  70°C. (Brief sh  31) The same is t r u e  of austcn- 

i t i o  s t e a l ( l 8  .8i/8 C r / l  %!/I Ti). These workers f e e l  that under 

r e l a t ive ly  mild conditions s t e e l  would be sat isfactory,  and 

t h a t  ever; a t  15OoC., a t tack  w i l l  not be severe enough t o  a f fec t  

the  mechanical strength of apparatus (Br i t i sh  32), 

. The corrosion of aarfous metals and al loys  in refluxing 

UP6 a t  3 . 1 0 ~ ~ .  has been studied ( M P  Chica~o 8 ) .  The me'kallo- 

graphically polished specimens tvere imersed  pa r t ly  in the 

vapor and par t ly  i n  refPwcfng liquid, Nfekel and nickel  a l loys  

(1no6nel, Idonel K,Monel) showed l i t t l e  dttnck i n  257 hours. 

Beryllium-copper and capper '(90$) - tien alloy also sliaov~ed l i t t l e  

attack.  Othep vaorkers have m d e  s t a t i c  eorrosfon t e a t s  of 

various metals i n  contact with l iqu id  me, In  general,the re- 

s u l t s  indicate no grea ter  weight changes i n  l iqu id  mF6 than in 

its vapor Under the same temperature condttfons an& time ex- 

posure. Metallio uranium was found t o  oosrrode a t  a rats of about 

0.2 xng/dm2/hr a t  2 0 0 ~ ~ .  in  l iqu id  UF6 ( M P  Chicago 4) .  

( b )  , Corrosion Resistance of Nan-Metals. A large number 

of materials  have been bxaxnhed with a view t o  thef r s u i t a b i l i t y  

for gaskets, e3.edtrical. insu la t ion ,  coatings, e t c ,  None of the 

materials can be used where %here is nueh exposure t o  UFg 6 s -  
. . .  

pecfaSLPy at eleva%ed te~~-pera%w@es, The B s f  tfah Bravo found '&ha& 



I n a tura l  rubber is by f a r  t h e  best elastomer available (British 30), 

~ u l c a n i z e d  unfi l led na tura l  rubber i s  res i s t an t  t o  W6 if de- 

. gassed  for eight hours a t  1 0 0 ~ 4 ,  and its physiaal properties ,an, 

not affected by exposure t o  m60 me addition of certain t i l lera 

- , .  such as  *bfan@ ffxeqv is pemfssfble, These workers f ind a l l  
- '  -'.I. 

. . .  
synthetic r u b b e ~ s  in fe r io r  t o  natural  rubber. Buty7. rubber 

causes deeomposftion unless KF is present fn the  system, Neo- 

prene, e s t e r  rubber Buna S, a d  I3ya N not . . . .  a s  faex% as 
. . . . . . . . .  I ,  9 . :  

natura l  rubber, Polfihenaand plyisobutybene are found t o  be 

reasonably resist'mt below 100'~ ; vhereas polyvinylchloride , 
polystyrene, cellulose ace ta te ,  p o l n h y l  ccetate ,  methyl mth- 

acry'bate, po%yvW~I nas la l , 'ph~no1-2~~%d,@l%'yd@ and uma- 

formaldehyde are a l l  attacked by IJF6. Of various insulating 

materials  other t b  plast ics ,  only nisa m d  pure glass cloth 

( and possibly silk) ere ine r t .  Cellulose (in the  f o e ,  of 

cot ton, .  vaool, o r  paper) , ebonite, asbestos, shel lac ,  wood, and 

b f t m ~ n  are af l unsuf table-  lPor use w i t h  UPg, Pr ies t  axld Agron 

( Columbia 36 , after examining a large number of sample! of 

butyl nbbsr.aand other plbastics, concluded %hati none 09 them 

shs.qld be used with UFg under any eond%t%on, Graphite and 

p p U t e  ~smpoullrsdls must Be  avoided {Cohmbfa 38), Certain 

v-a&dlelfes ... of polper fzed  peS8uoro-ethylem show excellent ~ e -  

sistchoe of UF6 parti  culr.aaw when pretpeated, 
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a, -.-- U X ~ ~ I ~  * M I % O P ~ ~  

1,91 ~ , o ~ a % i o n  of) ~ranirm' 'Bi c h l o ~ i d e  

12. Physical Properties of maaf am ZPich%orid.e 

1-3 Chemical Pro~oE.B;Pes of U ~ ~ u t i m  Trf cBPm9,& 

4 % Propmat ion c f ' Uzxmirn Flexach%or-ldo 



(a I ~ ~ o m  s-gar data, 
(b) BEFQC~ rns~~wrns~t by : h s ~ a B o a  %n beaaaasm, 
(el These qmn$i%$es aye es%W&d, 



-gem @elf got, 2~842)~ T h i ~  %B eeil% tb most ~avcmien.& ppm%%ve 

mthed, pEP$JIeUrLy f.3' 11110 pupe umnbm xet~% fa E ' F ~ ~ U ~ U ~  n e t  rnmrn.2. 
I 

@@ab4Ll%%r of mn5uii -&r50E:dbpr%de 3.n air h a  a$%md~$ed ~6cmide~abl.e 

b t e r ~ s t  in MI@ cornpo~rnd~ I 

I 

Bol F r ~ p ~ t i 0 ~ 3 ,  Umnim % V I . C ~ ~ Q P ~ ~ Q  Eaa addbZl%e,n to &b re- 
I 

(a) m e s - u  ('Brarsl~ 1-61 ibP 1). . The m d ~ ~ ~ i o n  of, TE3. ' 

4 

so S%QW as'%o roqwlr'e aboll$ five  bow^ for thwxoeee'tfm %o go t o  @em- 

0 pem%wc3 bebw 590 6 ko as $0 ~ V G I B  foma%Iox~~~ 02 %fq&d ki@B ., s h e e  
& 

the moltan material dasX& beeoE!ee eomred .'by 88 layer a:? ?jCB whkh 
3 

I 

met, of the W) 80 XFGb- b o l ~ ~ w  575°C; %he radt~cticn ash than bc5 e&- 
* --A 9 

0, 
pleted at, tempemtmwa ut, t o  650 C. T ~ B  neceeuity of usbg - c n r ~ ~ w  . . 

I purl f f ed h,ytl~ogwi ncwls aot $0 be itrosasd, . 

! 
. . 

IZydrogcnat%or~ d e r  )Ipeasy.rs ie nueh ncra a q s d f t i o u s  (&om& ~ ~ 6 ) .  

&dsr ' seveia aWsaeyhems at 524"-550~~ the rreaet ion procsds four times 

. 
is first kept at p 5% fir 30 d ~ u b s r ,  anti t l ~ s ~  elouM lyeaate to 

The re~~?t2ig~1. m y  be csra*J2cd out fn a s t a t d e a s  keel, vessel 



-- 

-a= 
&I?, 

eqdpped with .vents for es&awtin(J %he gases alcwly. Uranium W r n L  

a h l o ~ i d e  @rduoed in this aay %a s dar l r=pencrys ta l l ins  illpatame. 

(b) TJB -? tEl. (W h e a  2,3). Omcn finely divided nra1%1B.m&~l ar - 3 7  
m 2 m  w ~ i d o  fo h a t e d  with @drogua chloride at 250'-3UQa~, @19.e- 

P961g iC3 0b%3hC9d8 
3 .  

i -'.J 
~ h s  x-mattm p~oa@~+dts  a a c ~ l r o ~ ~  id, 1ht31n m~tsz-?.ic m - & % ~  is ' awilable, 1 

f 6 a V8lV3' ~ ~ n ~ a g l f e ~ a t  . . .metlscd A. ~ul@-bls a p p u ~  $,PXF 5i.s the% wed for ~ ., .. . . 
p p a ~ l a g  E3r (W b e 8  4 )   as Chapter U); o.idrogeu chloride strang- 

3 '  
l y  ab~o~bed by %ha pxpaduet and ' uun cmlp be semaved . ia v a ~ ~ % ) ~ ~ ?  at . &@Go 

P"rhs  boar. abaerved that Wl. vapor@ renet  sp i t& : la t@d metals e 
+@aord9;ng t o  the oqwtticm, 

'1 (81 1 3bWP %d- Bcl * ~ 2 1  
4 X 3" 

* 

Yne me+aly, My "oms v~&$ig.e BUOIPICIB~ V ~ P J  @cod yf.ePdra of e m -  . 
1 "':.- 
i s '  

I 
%dl%rn El, 3 axm b obiRL~d,  LtetsUfc ainc i s  partleu9arXy sui2able 

..' 
8 4 

i mss ig f~picnd d$ssbbe water with the ?3wo9.ution o f  @d~igide~obhe . 
I 

. gas and the format.lon of-.a -prpL aolutfan [MP hlPko~ 5). Thia rea@ian 



1 .  %WXM .@?c36lI9 ht%s a q u b o d  a dfP%r ' B F o ~ ~ ~ Q ~ ~  C20Hsirs.  eh@ CFUXT'eIYb f~ P W  
. . 

duced t o  0.95-1.,0 amp, fwtI18~ elec~rolysio L a n z ~ l s d  0tlt a% 0% w i t h  . , 

I .  par.%dib -aMf %f of .R@x*oahaorie acid. until the abld9~watsristia. rad - 

aslor of' t&niw (111) f B developed, Salu%iclpra~ of . mmnaim . (PIE 1. a b ~  

ppapa~et~ by miiuation of m2c5 with aiDc mid wrsoch~.cri.s 'noid (~ immr= 

The net result 3s tha d2~'t%l:ht%aii of the IECf E% %aqsn°ea.Lurea far %99w 
. . 3 

f,hoee ~eq&ed by f$B o m  vohtPBity ( E R ~  S i ) ,  

~ 1 ,  L OUVS-peen fn co~or, ~OO'C it develops a reddish-brown 
4 . '  . . 

, . 
color, axid abo~e  ~ 5 8 ~  a d e ~ k  purple ac~ac. ,  OE cool in^ t o  room .toeay,em- 





%mi, the ol&vs-g~e@n tnDQnor ret~gns. Baterib1 p ~ e p r e d  br redukticm of 

~ (a) y e l t g m  ( o ~ n  5 ,  $1, The %itkg p o r n  of ml, is ' . 

VaLflP&(i "6& wpm ~ p g ~ e ~ a x ~ e .  o f  CCb hag been measured 
. . . 3 .  

pT@BhOWC3 &.~;a in $119 .~mpsx*a-~ range ~OO'-LB'OO'C [EKL 3 I, 
a- 

(61 . . 1% hm E.g .. g b ? ?  + I$JaQO) 
T 

A h a $  o h & $ W f , B o n  of 55,000 ea%/~s.'b8 2s deduced fiam this ~sgwLfon, 

2 . . . . 

The apace' group is C 6 ;  /' (c& ), and th. aioni.~ pon%iio- 3 AIB, are s 

9 a ar diP3 , (349 2j.3 1/41 
i 

The dnnultg of I I C l  28 ~ a ~ ~ f p u b d  dB be ),51 PPom the  x-wy data, ,' I :  3. 
: By d i ~ e c t  d k p u e a a ~ ~ r i t  ia CCI a OP 5.35 e/ee . & b b e d .  % 

4 
a ~ ~ f % r  IJGI is , t h * m f ~ a  hi&@; e k ~  ~EU% of ix6 (w 13, 

4 1, 
(d) $P1~rnq&~ea l  ,En& (PJcaQ, &w0 SWII&P~FJ 1)- The ~pec i f ia  

h a t ,  entropy and a t h a l p g  of 715% bv0 ben dotemined for the tempam- 



, . 

tux-@ m g e  1s0K 380°K' (~lat. Bur. '~&ndards 1) and from 2'13OK t o  

1000% (he, ~ u r .  stapldae 6). T ~ B  results are probably ~ c m a t e  t o  . .  

withbl Sb cent w d  a m  given 3.n Tables 2 @.mi a,. .The mlws P81 %he 





. , 

(a) dempolatd wing Debye metdont 15.665 D ( 68.4 ) 
'2 

TAma 2 ( C O ~ ~ D )  
---- 

T w o  1 R-T \ 
$I 

0 

(ut joul.*s/rnt>P~p) - 
usa9 .  
12389, 
aamo, 

i%i: 
we5 0 

34'@40 
1.5286. 
13fleo 
l6291b0 
n&ss, 
z73@30 
1fl170 
.3.83?8, 
1@3So 

2 0 3 g 0  
as893, 
2UQ8, 
21934 
2229g8, 
22438, 
2m530 
234.680 
23 9 3  0 

2Ue98, 
25083 
2-55280 
a6043, 
a6ssao 
wT?"?w' 
W"mo 
28303 
286 18 
292330 
2$48, 
30m o 

3&@0 I 
7- 

I 

ak) 

a16,z 
32~8~ 
5121 , 12 
2230 50 
3.25 0 $3 
1128, BX 
130 435 
332 n ~ B  
$ 3 ~ ~  p 
1,s 85 
1.38 , 94 
q t o a  4.9 
SIi3 - 031 
a&&, gy 
x&"% 
U@o~.!? 

73 
3.-V ~3 
~5&@ 
~56. ag 

. 315'P09! 
as 9, 088 
1.5g,68 
~6%&3 
363 6 
2611 0 71 
~ 6 6  .33 

' l.@I'o B 
1690-50 
Ino 0.5 
21 p o:;~ 

3.7h 0 08 
mX3-5 
3.77,02 
.YP 156 
W 9 o  68 
181,28 

I x,@, 67 
1840 03 

195 
I 5q09 

2W 96-a 
205 % 04 
2380 98,8 
2A5 9902 
220 990 6 
225 P88a03. 
230 aua,a 
235 3m08 
2& 1ox,$ 
a5 ao%,b 
?W 2.0;:;;. , 7 
*5.5 EO2 0 0 
260 802 ,2 
265 ~ 0 2 ~ 6  . 

3.c2 0 $7 
-5 PO2 ,B 
280 3-Wog 
285 n~ 
2'W a03 
29.5 303 
2$l8,& 2.0 3 
300 bCl3 
3% 103 
3 0  103 
33.5 103 
9 0  - 1.03 
325 183 
330 P . O ~  
335 309 
346 .I.G~ 
344 3,633 
350 203 
*3,!2j 103 
$0 1o-3 
$5 203 

- .... , - ...-Did ,....--.--.-- I-- ....... 

3?(3 

;g 
903 
lQ.3 
103 



SPEXDIC'3EAT~ ,EKTWO;PP AND ENTHAWY FROM P C  %O %YQG . 
. 

Pm 07 
BE05 
B03,3 
m.4 0 1 
BO&,$a ' 

105 09 
PC! .S 
xut 09 
RW,O . 

xao,3 



~ has b e a  a~udiod at. %he V:KL ( 5 $  6 )  and the result, haoa b e 2  rnieiwl'q 

Tho change in heeat t"~a_pmZ%g. fn (I] can ba oakmbtd .  aa POUOWNI: 



~m@sf.s w ' U 1  &a p b m d  on theraet%onr of' so l id  KL3. KCL3 %a Q 
. . 

8,ypbea.I triva3.m& halide; it the rare e r t h  trfihaB%CLes %w 2 % ~  

phy~f ad. and eb~miccl  pm9:?e~$ioa, The prhcSpaP diTfem~.ce %a *a$ %% 
3" 

00th am a solid a d  %ri sgsbutiop:, 9s a.s4a?ong rodw%ng agent, 



at O'C, A 0,02 jg fiolution of E l  in sabr a pH of about 2.4 (~m18) .  
3 

a% %B db&0%~8d h vZ3%8~3 the &ti.% h@r0g@~1 ~ v o b i d  
3 

cornsponds vithPn a Saw p0r cent to khe oxidation from '&e +.3 t o  +& 

aaBataot vlUa th@ ~sl.Bd sa2.t ~ 5 t h  little d & t i o n  for s8m%ds1"8~b%o p~i&~dls 

L' . &;as tha 0xfdat2~~b p~*aeea&~ eharacte~3is-bfc ban& of the  i~(l[lI) %on (a 

wide 'bend 211 %he gpaen an?. two %.m-p adJaeealt bmda in the redl fadeD but 
t \  

the stsrong band fn the re'i:iaw-@celn 662a~a@%erjl~tjbe of T?'(:m) does not 

~ - SlofereasLng ~ ~ ~ c o ~ i t r n ~ i u n :  khs awae weight of" cqsta3.a which w U  dhso,twe 

~ s q l e t e l g  2n 0,,5 B m  ~6 o0%: in % HC31 is nut eoiiple-3eQ df~solved h 

( ~ Y . l t % ,  .1192%), '1% his beun reported 'that the addition of a~$?~wic acid. 



s k a t e ;  but tho addikion of amomfa, pho~phmlc acid, omlie acid, or 

~ o f 3 . ~ r i e  acid gives only u(XV) w1-b (~o~cnhaim, 1908), (see @hap, 2.2, $ 

non-psbr .sohvssrktsr. ~ O ~ Z O P  ~o.J.venttr3 the enltfbf ~ A % X  of UGI BB le1g 
3 

solvents such ao F ~ I  and SnCL Rith Pelq a green em:?sion io foxmed, 
3 4 d 

th* f i~.?%@ b 1 n@amst ~ m o  fuwaoe L o liyt tan deposit oi 
5 > a I 

?El , m d  Ina=be%wesn fP3 a gre3n delposk.3; of E 2  . Dep03:'Ltion of w&um &L A 

3 -.. 1, 

tetrach10~"ida =%stxi 2Pmt be absemed wh@n the %eqxamtwe reache8 5 0 0 ' ~ ;  

E l  eplmaru at 720'~ end u n c k ~ q e d  OGj ' sublisie~ f b ~ t  at 840'~~ 5 % ~  
5 -3 . 

resf Qm Ppm swjh aublima t %or1 eon%qis-I.$ of Imigh~Pt &fi[bfn&g me'&a184c- 

appeu~fng Papa (WRL 2.1, niese obaerfatiom hsve bsen inten-p~etesd as 

indicating B diapl.opor%Pcmation of U C S :  . .  

then eubgseted t o  c-ir-acym d i s t i l l ~ t i c c ,  n .yel20~1 solidQ proaumnbu W2C$, ,, 



~ - -  
tea give WX'&s 

. . 

-+& P& e b o  GIJ-WSEJB; >t~.r.ey sm~iienae just cit~idn the i%rmti and tulua 

B m d ~ e  mil id5rm react w%'&. t o  ~OY-EI mPx& l ~ ~ i i i d e ~  [BIP h e a  91, 
3 

, A *  o r  ' 
1 . -  . ( ~ e o  Chap. 15. ) &=E~&-Q?W lgdrogen PL~rnriols oncf8le;rs 'EX4 a% a?.svated 

~ ~verII.atLcm o:C hybogonr cPllexeide; the p&W L p e e w a d  t o  be W3 



w l Q  tho rrpaa.e%~n of m* anel U G 4 ,  





Since I ~ & I  ths swpom~d has been seudfsd by nang workus, mrticularQ 

$im ~ 4 t h  %he p ~ @ p ~ c % i e m  ef m i m  tetrno~;~,srido. '!!he &ad .fkaec3 
-. 

energie. of rrame. of t & m  &.re lAsted in Tablo 5. Tho entropies o f  Palo- 

genatiaza m e  ietiithor large and Uiiss m&ss it eersenthl to cona8i:tsr free 

anwgiea raChen" than hheats of reac$ioa Ea, any attempt to prkdict, srAeQ,asa . 

Table 5 liwtn f r e ~  en~wgf-es .at 300% a@ ~GCPI, the latter because, . *. 
t e ~ q ~ ~ ~ t m e s  of -this or*er of magnitude ape necnssspy to take most halo- 

< . .  

b 
PamUrsPi~a~z 'rsa&ween %ha flue@ ene~gy I ibsmtsd ancl the m%s of 

standard PYee energy w $ U  bo weless for praebIe@ purposes. Even if , 



(a) A U  sdbuM~uclgs e::aep% UGk ,W2 &ad C: al~s takstt.8n .E;h m y ~  state. 
4 4  

P w  UOz : 829p$ 3.83.63 ie ,UO ; A 1 1 2 ~ ~  :--2'7O,& kcaB. (sea4 Ck@.pO U) 
For Cca4,: 5 ~ e . r ~  6. , L.?,,.2t, ac,u.; =251,0 kcaP. (sea See. 2.2(*)), 

(b) Thflr ~epmsontu  roac%ia.? when S2C17 Pu wad ae chlol1hat9ng agwrt. - 



b$$ In all Ii.fikePfilom1 the 'first step liberates mope energy than the seeondl one; - 

therefo~a~ 5.f .&he c:ta%,o~.imt~g agent 48 weak, ... x*cactisai my stop a t  the 

uQG& 0" aeega, 

A U  -the. athexu reagcmts l i s t e d  &an be. exyert;~d Lo convex% U02 to UC1 
4 

nppn.? t o  be as pm&:rf~3, ehbo~inatbg ebgbnts, aca is th5.0~1. eU1e,~%de (re- 
. . 

I., '. ' 
- 4  . . . .  .... .. 

: . . . -  
' . 

ae$iam 2 2 ) .  ~ h o s ~ h b w  pea%eaebBo~f de (r6asB,ion ;?hi) i~ eogseia3.u vseful 

re+ . ' ai, low ~ ~ r n ~ ~ a t ~ u ~ a ~  v t h ~ ~ ~ r ~ e  it doso no?, dhsaclata into PC1 nnd GI2. 
3 

. . 



b h  cSIS &''&he %@%% ¶Wbh0& 0f P P ~ ' W ~ $  ~6Eic%d.~l3 0~Edos  ftW ~ ~ O B ; ~ P ~ € ~ % & Q P A  

(cf? Chapter Ik, p, R A & i v e R  urari'I?wi d f  can be ebtainsd, for 

.blo.a 750°C; or 'by the;~hm%. decqoad%%m ex? twa:~t:irn(IV) coigpo?m.dl awh a8 

i a  m h  acre Inca%, Tn cbrae of fib &fa.cide> $EKJ rii5sb resac:',ive fom 

is ~ b & t  ;mapwed br %h~~mub dncompaa f t la a2 ~ci~~air;~yl pora%cd.de ; ?J03 obtained 



brnpratwes, ?~lrny' of the  .haIogerattxqj ageenCR a n  %m utilized dxi either 

of' these ~ J O  wxge, 

Px8ep8!mtivm ~~eth ix le  POP the p m x h ~ ~ t f  on or UCB have "sen , e~iticallgr 4 
revigraod by Vkgnzr (~'Ec-cEW L) ; t h e  yxsaseinti d9scwafon fellows WagnerQ s 

rewPe:r ijga zany ~aapeat s ,  

(a 1 a t  . , q i % ~ m m a n ~ ~  data 

(sZ, ~ a ~ i t : .  5 )  7bdfca t@ Chat a% slevatod Loinpalaturm the aqmfiiim$tm 'of 

I c%~ao$ be TPEDGVS~ rapid* 8~10ugh t o  salsure nr ~ ~ s e ~ a b l e  rate of aonver~8~n, 
I 

J 

1 . :  7 e  
1% has fa1 fact b%e~. fourid 8 2 ~ -  %?as m & m  gro~q~ ( m d w  1) tIaca",racc$~ersl~ 

ueed , ois2o'd.*~Cicaii dmja oecw; hotvove~, ant %oJBpaCmCZ ern p , 9 

di.cxii98 has ban ~apox-ht~3' t(~; reeat hydp.'ogari aknlsx9de in mhyekolw 
.. 



(b) Umnluo Ox%deL Gtwlzon and ~hlorkle ,, Uranium tetrachloride nas 

firat p m p i ~ o d  %he, reaotbon of chlorine tvi.th an htate mixture of 

utnR~iStd by m y  in'Pe~tf@tom ( Z i m m ~ m w m ,  U82; FIsuherp 1913; 

Vof&t9 1gL;  ~%13gocmld, I-), Carbon tstraahlorldldo ID probbly tho 

ae%m9 eh3iorbat3ng agmt, ?XI oxder t o  s b t a b  an intbats  end reactive 

rnfx%mo of" es;96e w d  s t~~~ lxbn ,  ~~ m!n be &6rl with &d8 and i g n i t e d ,  

@obi% (1.W) &wf:cut es3 that sugar ebrcoal ,or IaqbBrael: is partierikrly 

stxttabb, b m  atih@rp worke~8 %ra1.3e foud tihat arban obb5ned ln varf a\zer 

' otihe~ m;.a, a h 0  l a  CFI&& o a % l ~ f a c % o r ~ ~  Undsr the eandlitfans OF th0 

eqmrbea@, Invd>kvbg the  pcssage of a large c~xcass of ~ R ~ O I P I ~ I ~ ~  eomi- 

tmln~ticofa by %Ens pe?~k~hl,t?fi&~ by wing  tr large sxasoe o f  eha~eml ln 

the 5h-I;u.r'3 ku'b d e v i ~ e  8aon.s *Lo bs of i.itt%o wmfh, The baat mtio 

urmikrm can be wed instoxd of ,':he df.ox.ids kit, ather t h h g s  beh,a equal, 

%he dftr>;%de wi3.L g9.90 ths least msmt of pz~taoMoritkd, 3ith a aodim 

mm~..&e-7~~'b&~c:Ir, dx?crs '&he r~ct.i;ra p(pococ:ds e u % ~ s E a ~ + e i ~  at &Xl°C 

Tho pr?aoIpf, advantage of %hie,  ~:3&1md i a  read- aceessiWLe startag 

mt3rWel3. The d5aadmatIages, whh& seem to o ~ e ~ ~ e l g h  the adwxxrhagea, 81% 

t.he p ~ d ~ " t 5 . ~  a7 ccaugs~mtilre~~ large amwets of t T C 4  (which mwt bm el* 

2nsced bJ- ailatequmt, tmeef~rnm%), the high te~:~~mt~two of reaction which 

9 ~ m s ~  E severe z~traia <r91 t-he sl;juiprmxi%, and %ha presence o f  conaidemble 



trioxfde and e a ~ b m  FJ@& supported b 6. vertilaal raea&tar w a gerfomted 
1 .  

be%tan. Thra rt,ac$iem s k a  was mintahed at 85PC. . A$ %Ilia ki%perature 

um11m S;etrrsoXalo~~idb fs .P:Lquid; it Cnersfom t ~ i e k l e s  $ho@ the bed and 

e o l l c t ~  3.11 the Txrtto~tl of t h ~  reactor. Honevor, large amomta of were 

formed. and grlw~qik out, 891 dust, 5.n the gat% zrtmaa, C!n tho whole, %he results 
' , 

did, no-t s e w  too e~1~m"t4g%n& 

("1 ' 3  o m  0 a "  rnX?bon tetmehlba" 

r i d e  %as ~ir5t intr&wrd .by Vvtatts nn2 Ball (IEYB) as arr agent for the arm-. 

W'epsion of E B F ) & L ~  ac%des %O ehkW%d@sg 'fho -u%~P~%Y of +&is ~.%tLgt?l'Y& WQS 1.@d49- 

cmemd ba. Dera~oay 91,887). md Lothap M B ) ~ P  (XBIS"P) . who . sxmhad it8 maatdon 

k%~gem%ien o f  ths aW.dlen of m l m  C O ~ P I ~  (1907) who famd that h e h  

amount of liC1, famed ooneurceritlyaf%h ITClL 7a~see much emller with W2 tbm 
d 

wQt& v308. ~ b o u l i v e s  (29l0), who 't~peated aime thk&~r rn~%aL cnid& 

CCIL mipup, alao noted that II O reacted at 3130°C %o Tom n mfi3t%ucA~ of U G l 4  3 8 

$610 b ~ l o g e ~ ~ t i e a n ~  Thay usedl ltxfdl phase . . l & a d  C.43 as v~.asll era aceblb9ations 4 
of cKLo~Plls fn El4, snd G b P r  amk forms Cae Easiw ci the pree&-dap 

. . 

nethods oP coaavd~8ior~ of winmi& m:IQs t o  El4., 322 md UC16 by liquid 5 

vapor he3 )men %sexy htmstvcel%g. re-?~ves%.Q;ga.ted sines 1940, A f f  of the 



elwmtsd &rnp!~x;bbt.~%pei -1 aa1.t.~, suoh aee ehe sWak,e, ohloridlo, and . , 

plamphata, can b. contmkt~d also. %a UCQ. Ih all cases, some u~enirrm pento- 

chl.mide 10 fme'd s&i&L~gtrroppml,y.wL%h &he t&mi1~h10~ib .  Tho SeBd of ths 

h t t e ~  o.n be mi;thtzed by the w e  of ma&b3&w U02 which' reacts w i t h  CC14 

(a) The balamcm of %ha hs- ium iaiaidared as being emwsrLed to UC15. 
b Prepw~gi ~ F c B ~  .wamy1 nitratm, 
(9 ) Partially d C h y b t e d  by methob, '  

U% 
ua3 (active (b) 

(NQ I2U2o7 a%%.$) 

( ~ ~ 0 ~  I* (@ 1 

u;o8. farm v (y++  l2 
- --. --- 

. . . . . . . . . . . . . . . . . . . . . . 
1 * ... ... ... . .. .. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... ... .. . 0 . .  

0 .  r.. . .... . .. .. .. ::..:... 

70 

95 

81 

91 

$9 

99 

97 

99 

99 

99 
- 



Acead9dBng +A ths obemtims mde A% Berkeley, uranhn dioxide 

a u i W ~ l e  f e r ~  b1qUrd phase ch;lo~Imt,kon b ~btainad by reduction of 

UO ai%R hy&(;g:3..1, m-a or ~latum.1 gas QL kSWC (WP& 15). E.hewhercr 
3 

I t  h s  been found tihat p ~ l ~ r l y  active LO2 a n  be obtained by redue-g 

UOg with aammia (TEC-SnT 7 )  or alcohol (I3iaess L?). Thc reduet la  with 

~ was att~dfod by rna~swing m d  nnalyzhg the EnljoCjus p~oduets,  A t  temper- , atmws of 450Q 2 2WC {%he op%fmurm .',empe~o.fiure goy .the reaction w i t h  

SmU afkomta 09 phosgene, c&IYbm nonmida and c h l ~ ~ f n s ,  found kl t9u . 

. . The prheipal T W C ~ Y O ~  (I.?) is exotl iodc 910 the. extent of about 

50 kcal/mob, and locet'. marheating pay cav?e .partial. *ion and thus 





formed end the %riox"d. is r o n v ~ ~ d  t o  OOP% U (UCRL 18).* The second 

?tag. of the ~ a ~ t f o g l ,  t h e  co~~ve~sion of the ayycMmide t o  tetraohwds,  

T@e ~ e s a l % ~  obtained w i t h  D3% ore htemed%attl$o dstveen those Pound with 

1102 sni 9, Tkle &ide eesl la. chlorimtrrd v.% about L5PC w i t h  Lhs foxma- 

---- -.1--1.11---.1 

u 
DWhg the comae of one expem*ie~nexl% tho reactor broke aca?ic"renb%lr md 
the content m a  found to he U02C12 and u~convePted U03. 



%Ble4~~by p d ~ o v e s ~ ~ ~ g  Lha f o ~ $ $ o n  of ?XI (UCRL %8p2E)o I$ heas b e ~ n  eb izmd 
5 

that %ha pmsencp, of eo grsat3.y d b b i s b a s  tha fcicrrm%lcn d UCIS (OCRL 2%) 

but %he Q ~ B ~ H I B U B  of' ~pblici fe that %hie cmp~disnt fe an the who.h umatinr- 

factory. The addi3,3,cn of CH . SO2iOZ, ~ ~ b 1  nrd m~.~i~)ue o t b P  ch*crWt& 4 3 
hydm~9'90ba~s I ~ B  3mmd ISl~f"fe~ti$ie~ The of !%aetivgf9 U02 and o I s m  

~ @ I ~ P ~ # ~ L w C ?  0.f lb€?3&f~ XWblQi8n *e bee$ p~r38~fo$g~%f0~~ fblr tihe PI'&W%~Q~P of 

bvsstigatteaas at Temeasee W s b m  W b ~ ~ a t ~ o r i s s  ('~~~4'1~88 8 )  Wiaate 

%ha% HfluMiaationnmay be a prombing method E m  the preparatiai of U C 4  

, whl.ceh ab v9gmo183 a'h;rea~a of wi.9;fogea %a3 paseed, wh%@h keeps the warvim m.:%de 
. . . . 

pn.&ircfee swpe9dsd tvh%%@ $hey ep~e babig halogena%~ii~ Because of @xeeUen$ 
I .  

eon.taat between the  50 mad $ h ~  @@I napid ree,ctfon is achieved at a rela0 3 Pa' 
tively &m ttouperatlw (3900-~5OO~), and the pmpJBa;ion of UC15 Pamad is 

N&GTQ'LIS me18 03f  N~EI&QYR fol. both b ' b ~ h  a d  ~ ~ . & i k l ~ O l l E J  ?COC?QS808 
'5  

have been devisacl'fo~ the vapor phase ha3iogezbatictn of' %he t m i m  csddss 

wiih C C l L 0  For (;hob deocriptlan, we refer t o  tho pwvimrly mehtialaed 

s m 3 y  of' Kagncsr (CEW-TE:c &)o 

. . 

(d) L5atGdPhasa ~ea&tia~ of UO and . d~~~Ci  ~kte*moooiticm of. P1C15, --3 

'flhe bf gher w=im ~xBdea r&et nore a.si&-, f ,e, , at lower tssmpw- 
I 

tltwes er.d presswes, than dms UOa; aonsaqwntQ, ths-greatest aW.?nlion 



, h a  beam p)8Sd to th. reaction of Uqu3.d CCL wl% M) Tbs eondl%ions 
1, 3 O  

m&r t i o b  a f i b  r ~ o t i o s l  O C O V ~ ~  depend to P vexy c~mMefabZB extent em, 

I the ndtme af the munlm ~i6xAdc). The xi~ofi  reactive material is Wm 

CPioxide o b b l ~ ~ c d  by t h a w 1  deccn;poaltim of D3402V at 350% (&am 13). 

c~P--% mail 1111 W308 (ERL 23 ?JOE,C$r Do2 (h? E2 mil Um mdergo 
6 

sbllar ~aachiona but %ha pmduot ia not nlwnp pmm UCX&. 

A t  1*5°-3850C The p~ixti~ry r'sautim ~rollucti or' UQ3 and liquqnid CCIL 

E ph6sgenta e h l ~ r b e  w e  reuoved fam tho M B O ~ Q ~  or if tho rea~t i~n 

i t l  carried out at too Wgl~  a temp&ratupo,' tho OC15 deeamposea %a E l  and 
4 

CI2.  'l%fo, by ehsng.hg Che ecnditions, the .ranef2,an ray be Psdc . to yield 

elt&wr U C i  ar '?XI4. To o b k b  llC14 as m e  as possibla, the ~eaot imi  l a  5 

s h f h  oeating thru phougene and chlukfna. AT& aevaral  ours n% ihOOC, 

produced $a dhfc V J B ~  wwii1.l.y f s e34Aer a Ph@ p d s r  or c m s i s t ~  of hard 

IWQS which @re Cifffie~Qt t o  rGlilwo .~-Q.itrsefveQ frov Dle reuctm, it 

q 
be mor~ O.ormenient to was a hneatap proceS8; Umnfum patachloFide is 

prepared first (in the way descr ibd  in Ser t im 2.1) and %hen d D c o ~ e d  

U m h t u o  pnn+tctloride mderg,oae deconpositinn t o  the tetraahla~ldc 

whm b a t e d  in a strean of nit~ogen, carbon dioxide m eve3 chlsrcm 



Do-aPaPorh~t%wi of El. .am also b aceqbiehed by- refluxing wi t& 
5 .  

. . .  

(e) ~ h l o r ? ~ + + i m  nt- ~ r n e  .W%GL,~'~Q~$IOF w a i ~  

r a m  A large3 ombox" of h a l o e n a t d  o~ganie  ~ a q m m d s  hssn been , 

teqk~&tu~"eu nlththuwk Iowatioil of phosgene or UCs These ecmpmds are 
'-3 " 

atom a m  m~etisfictoqy becqask of excessive ks.sbm fox=matianz.. . Chlgw-. 

I i. conbfmted '  wi2h ppolytic pradac*rs (UCRE 21). Howwchloropr~pene and 

~ h @ m c h l & ~  J ~ ~ ~ p C % p e n ~ ~ ~ ~ @ X 1 8  - a ~ 8 ~ , & b d  c l ~ m d ~  which, have ~ h l o r i ~  

atms b %h6.~lpht'A ~)0~f%fOXl X'dbt3~6  ZGO 61 d o ~ b l e ~ b 6 ~ 1 d ~ ~ d  earboa a%~In'- are 

fairly &&isfnatoay. -Ilov+ec~, none, of these comp~mds has any advantages 





compounds t o  . UCP Pwr, m n f m  himdde and (% )2U2~7 do not mdergc & ' 



W i t h  U03, a rap@ and exotheac roactfon star%s below 1 W C .  

Uranium pentac%L9mider, which i e  easily soluble b the remtlon mixture, 

f a m e  fim.P, .and %t then deernos& by w b h e . ~  Beutkng to L65OC. 

t r i a i d ~  falls below 5il; %he UCIA should b ~nr~hed  ~ l t h  CCIL 

(after f Iltmt%im) to reiove the laa t  Weecs of 'orgsnie matter. 

The priglCQa$, c t r ~ i e  product of the rsacticm i~ t~ichlo~rsacrgrlyl 

chloride, CC%-=OC~COC~ (bepa 1 5 9 ~ ~ )  ( P U P ~ U ~  5 ,  TEC-CEIP ~ ~ 3 3 ) ' .  since 

d i s t i l l a t i o n  bofore a t t e g p t b g  the i soht ian  of the ,Ell, 

Chlarin8tfon of 9 w i t h  hswchlaroppapene in the liquid phase bas 
. . 

been carried m e  &o in aitocbvea ( T E C ~ ~ V  85). nAve~81gefl t?a3 beggins 

t o  react a t  P C  and develops about 50 pa2 pressure; the drier the oxide, 

the Bo~er tihe pressure developed fn the syetea. 

A large ~w~iber of orgmic halogem o m m d s  have been embed for 

u%ilfky in l Q d d  phase halogenatim (TEC-CRR Uo33) (see Table a), The 

CClb b ~rdm to ahm appreetiab3.e reaction and are, em the  whole, not 
1; 

very effoetfvo. Coqamds w i t h  a vin$Lic e?llorha ( b , ~ , ,  s~@=G=Ci, group) 
. . 

ham b i t t h  ehlarinatbg capcity, a nay be exgat%ed Qrcq tihe gene*% . 

acPylyl chLor%de, however, reacts orim UO t o  fox=p a water-5.neoluble 
3 



partfnllp ahlaripatad oaids. C-drs with rn a.llyllo ahlorigle 

(a UMC1 grcup) ore in g m o m l  much moro effective; hoxachJ~.asap~opam 

(d1scur;txtd abwa) ie t b  best hmn reagent hn :;'-Is a3nze. tloxsahlarou 

cyrrl,opmtedlon~, C5CZ6, and bmmt richloride. C6H5GC13, matt vigornusly 

A nmbar of ch lar imtad  hydmearbom have bson s t d i e d  ao h a l ~ ~ t ~  

ageata for UD,, us- e&ed glass boinb t u b s  {'XC=-CEX 16). C B F , $ ~  sri 2 

CsrCl produes p\w El4. At W O C ,  CH3COCCl$COC$. CC13CW, CCl+XXl, 
3 

cy-, cci4pc~, C ~ I C I E $ ,  C C I . ~ C O O C I ~ ~ C H ~  cmac3, CC ~ ~ G N ,  

CH+X131 and CH3CC$CH3 a m  100s aatiafacto~y. Tkca a a m p d ~  are ar- 

mngd In ordm of decreeujing rwtioiky.  Chlc~o.Sorm dms nat =act m . 3  

In presemo, of agpraciable quantit%68 of CGI5, 

(g) &a$r3tf.:.de end Phw,~ene. Phcspnne 3nLwducod as a 

halogeimting a p n t  by Chawmt (1913.), t4.e 4 c z d  it to 'w t pomaPrul 

reagent of wic i s  applicability, Reaction occlrpw mot mly witi l l  uranium 

oxidoa but, also tlfth sulfidas md phos~Aa+~s.  3~8, tho siilnctral, autunlee, 

Chatwenet found t h o  ~eadisl of phosgene with U308 t o  pzocwd at 450%; 

thio nae acnZ11mad by Rosed1e1i. md Kelng. (1932). * A c t i ~ ~ ~  002 reacts 

at slightly lucvk tempexattrras. In recant WOP~:, phoagsne has not b a n  

u t U b t s 8  O M - s l m l y ,  p=sumably because of i t n  pobfmm prapertiea. 

British s u r k ~ r s  hve observed oanplete cczlveraion of U3O8 te  UCIL by 

CCC12 at Wo94WC (Britieh 1). fia3gsne has been used on s commercial 



acals %'or %he konm-9-a of thorim dimLde t o  

e9hme~ is U%%b do&% of i%s 'g~mml efficacy ln. the prepmP,Pm of 

023 0 and. (~%)~(1207 caJI be ~h&CE-t@d 8% a mp5dQ. Both  5 
mo31 ia%3sfactm-y outdo p o w  OP vim OP the l a a t  UCIP 

i h x h g  SVC%. ~ h &  ~~Idi%3an of El5 aids tibe reaction. D f p f P d % i s s  

em sncomb~ed 5n 3ssolatfngUCls fmm ths react3.0~ mggc$w@ beeawe of . 

tnM high aolub49f%y of El5 in SOCQ ( ~ b l s  10). , . 



SOC% earn be s ~ ~ e o u s l y  de-ch.Io~-tcd and do-salrabd also by 

~hl&lm%ion of UCL, with lQuM SOCIZ h e  been e a ~ r i s d  cnt..at 

H O P - U O s C  -41 75-150 p s i  (~wdue A; TEC-GEYi 8 ) ,  Tim resetian may be 

aireo%sd oo aa $6 praduce eithor ?El or UG15 but tha re~ult~ are mthor 
b 

nith U3Q8 a t  red heat but that unless the UCIL is su'ahimd away, the 

rmactfon fa dnewlete. Considemb1e amounts of LT15 are formed. Leu 
1 

am3 Hamburger (1934) fond that if S2C12 was uoed wStBm't chlopbo, eon- 

version to UC1 - ooourred without muah ElS fom'tim (see also Hlale-, 
4 

1934). Re a. Lfoore (1923) has ;Wen a detailed description of ehe prepsw- 

t i m  of 1)Cl by wacLion of S2C12 with, U30g. Coggln (1926) studW the 
k. 

reaction of U30g w l t h  %C12 and chlorhe at WWC, conducted in such a %a3 

that reaction a d  sub1imtion a d d  prweed s m U s m w ,  

nAetfveW ofides begin to -lot a t  250°C and reactlm is m\;ralfy 

esmglete be1m 4500Co A t  elevated tenpemtu1~8a $ha magem% is act- 



%@rndg@eallp., the proc%ss, 

is inom favorable 

The w e  of chlorine ae a, camier gas irr ad;;-fatble, havdev@r, s h e s  

contamimeiq tb product by ouif\tr should t a  reduced by its use.  he 

res@$im proceeds at m& loner t~mpemttares 9n the liquid phase. A 

95 par cent oomersion can bs effected by refI-8 Us% with S2CI2 

(13BOc ) for saveen bows at  &noapher$ic pmsslpa (Erom 2.U; UCRL 24). 

AM sf the axidea of umfm undergo this reac%fon. Highex? pressms 

facilitate the c~rlvo~s im.  Th8 gaadzzct is rasmll;g hew- cantamim%ed 

wbth sulfur, whl& ia dPff fcd.ti to r~19ove~ It 58 p c t i ~ ~ l ' l g  impoao5ble 

to r a m  it by vacuum aublf.mt3.m ( ~ h l t l a h  1,2 1 Net. Bur. Standards 2). 

X t  haa been proposed to purify sulfvr-crmtain- IPC4 by t reabmt  w i t h  

chlorhe, wMeh nas expeatad t o  convelpt 8- intc volatllc SC14 ((US% 26), 

5 
'time 0 but large ammnte of UC1 meyr b f m d  under these eond, 

(3 ) C ~ r ~ t i ~  - with Qther hhmirvas . m-9 

(TEC-cEV 19,20; ITCRL 26). me chlminetion of ?XI 2 'Irg a Mge number t 8  

inorganio halides ha0 been studied, part icu l~ ly  a% tho T6msanee EastraD 

bbomtor2es. 'Plaerm~l~ally, reaction can ba expected only with the 

halides of metnla which form vary stable d d u e ,  ~ ~ I C Q  9 itstsa3.f is very 

stable, None of the reagents stladfed proved to  b partieuLnrW wshtL, 

except perhapa k1um%num trichloride. dmmanium chloride, whioh is wldeu 

used fas the converaim of m e  etwth OXI~BS b ~ l e r ~ e a ,  fkfls I n  t b  





c m r f d  to ocl with A=% ma acl In the vapm phalaaae (TEC-CW 21). 
4 3 ~ 

5 por cent by. refluxhg wtth siCl4 (I hour), to the extant of 10 to 

20 p r  oemt br ref1- aith sbC13 (2 h m  1; - 80 p r  cent cdnttsroim cen 

bs achissed by mfluxbg w i t h  SnCl (2 B m )  and a Mt per cent @d.d by 
4 

reflwis~g nlth TG15 (1 ham). A 8  cQUld be ~ n t L i p t e d  from the heab  

Pe diff3eat to. rocawes UC1 fx2ee f i o a n  th&i ehlor2nat3ng agent fasea 'kb 
' 

4 
products of tbse reaetisras. 

rnni01wiXV) sulfate and the embetie mlxtura HaCltCaCP2 (51.5 per 

cent C ~ C ~ Z )  yleM a s n b U t e  0P ELL ,ahen bated to 75BC 5n m u m ;  

10 per mnt convorai~  CQLB~ be olstahsd aftor aeveml h a m .  W i t h  BSb;! 

thirteen hoppp8 (Rwdue 1) a 

(k) Prepa_f"ati,m of LC1 in Aqueous Solution, Aqueous solutlgss o f  
- --4 

UCl can be read- prepred by reduction of wanyl chloride eolutions. 
1: 

Reduetitm magr be effected electmlytteally, photschemically, ' by anal gms 

Alap,, 1922) . Roatment with air msi be required t o  ~ ~ z e  aa;y ~(111) 

which ins formed. 



Atfeqta  $0 iaolate ~~ El &on euch ~olutflona have beem only 
4 

pfi%aUy auceessibl, R~se8lhefinr and Kahy (3.99) mpor01sd the prepriitian 

of the bydrab UCIAoIOl$O by empma%io%a of tha acguem ~glu%%l~ 60 a 

09 Kbe3xhkeel wid Kroneso (9928), which is v@ay ef2'actd~e fox= ram e?arthsp 

dam not give anhydmm UC1&. However, the WD1 nnieh oan ba obtained 
2 

h this way may be c m e r t e d ,  at least in part, t o  lJCIL by tbml dia- 

propcwtionat8oar ( ~ R L  9) (aee Chapter 261, 

b%mahEorideg e h l o ~ o R m ~  ete. h v e  been added to the m~meua aolu%icm 

of VC1 and the azeotrope distilled m%il a= 0% the water has been ramved, 
4 

I 

Reumva3. of tb dehydrating eofvmt l ts6Xf leaves eolfd, p e e n  p~~ducta fion 

(1) ~ I ~ s c . ~ I l a a e m  Prmrstiona of UClL0 EEdo~enntirn of Various 



a h h x f n a b d  with eflorine gae at & W C ; .  tho oarbkde. also rae6;e with 

ehEeriPI@ted dlar the liquid pbsa by carbon tetsac=ss.ide but the p~oduet~ 

have not yet etaen well ehamctxrllzed ( T E c ~ ~ E ~ ?  22), 

Attempt. have been medo to convert orgnnie u(IV) oompound~ to ElL 



br dtoubh d e c ~ w g e $ a ,  T ~ W ,  8lrajlim(n) eieetyl acetakte b a n  

treated, in benzene or ethyl ether eolutiicm, ~ 5 t h  anlrydr~us hydregen 

chlmbda, Black kra reeulted and no UC1 cou3.d be i e o h h 3  (IICF~L 8),  
. . 4 

As io :a+ the case &',& t&on?5m, the,  whlW sol16 vhich f e a t  prart%pItakis 

rhu; the solution in t?.etpd ~5th hydrogen chloride o % i U  oo~l@iilo aEganic 

ernd boated w i t h  anhydrous hydrogen &2o~Pde yliell3k; $reen @ q u m d a  w i t h  

grew aoZir%la, but no UCIL can b obtained E r a  . it wJ. sublluwbl~n. 

(n) PwlfieatLon of-gantvm ~etkachlor~c.  Unmirm, tetr&chlorido can 

hiighe~ dPI1orlds in E ~LK'caam of chlorine (275O-900%) and a~.~bseqpto~~t reeo~s- 

et ~ ~ o t  g a ~  such ae nitrogen or ~heliw. h nitragen, e u b l ~ t t m  2s nip16 

X4 We aubl3.m%ian is pwfcxmed at atm~spherlc pressure, tie nm-vobtilo 

residua can ba greatly reduced by adding CCIL to tihe nitrogen stream 

(&am 3 ) .  Hel%m w l t h  a am111 a&f.xtm~ of c.hIo~intx had been wed far tho 

-9 m9-go. 

A su3tPJbfB) purlfi~atfm procedure, e ~ F i n ~ y  when csnuildtireble qwnti- 

tfaa Qf m.ter-1 are inaolvad, l a  vacuum aublimatfon ( E R L  %8,29,30), The 

stainleo? steel still operatee at 7W°C and a preosure cf 5x1f5 m Hg. 

Texmessee Eaastmm Uborato~g Wentf @tors ilt&Jy. roeovond f ~ ~ & i o m l  

eor~deneatflon tn vacuun as a pwWiaZ%on nnothod. The condenser pcssesses a 

thermal gradient, and the X1 calieeta An tho region held at ?2S0-1JWC 
I 

(!l%C4EV 2 f j p 3 4 ) a  



The quk!~.k%tr of paak;.fBied UC1 can bPs mlluabd by s~vert i l  or%Mr%a, the 
4 

. . 

fa) wtiwfp  PO.^%^ The n~w% ml@bXe d l w  of. the malting p o b t  of 

nc\ d e e e w ~ 3 a  3s 5 9 8  + 2% (m-CEW 27,35). wnw8i&trd average of 

eolfd-aolf d tmnerit ions at 2UQC 5 a 0  -522% bnd ' 5L,3°-$650C, 033y waU 

heat effeets (4.1 kcal/nole) appeared t o  Im asacefatod with these trmsf- 

tiom (WRL 311, Bbeemer~ at the National BPaP(eau of S-dards ( h i  3)  

were unable $0 eonflm 291a phase transitPo:, at 2UaC, Tho rceslity of 

s l B  tho phase tm~%bjlone therefore reminu 'kmesrbafn, 

(e) Boillnr~. Point. The bst  dirsct masmment; of the bofldng 

of UCIL (made a t  the Tonnesree Easlmsn ~ t b m t o r i ~ ~ )  @M 79Z°C at 760 m Hg 

(d) l la~or  Pressureo ThB mpm pres&re of' soltd IJCQ has bwn detrp- 

mipled by two yehdrs - br effWion a% Bei.kePey and bg. Wspiretim at  Ames. 

The ~ e s u l t a  disagree. The mason P"QP thla is not sbvism, but the efhtsion 





Expes.bzan%al valwa are given 3a mble 113 a d  plotted Fig, .I. !lW . .  I 

hsa$ ofvapmim%Bowl & d a t e d  Pk.m these cisatxi i e .  33 1cml./mo1ee Tho 



, . 

. . FIG. -I. 'VAPOR P R E S S U R E  O F  LIQUID URANI'UM T E T R A -  
1 . , .  CHLO.RIDE. 
I 



There sre fonr 11ClL-moleouleo pm unit cell, and the ealmaeed density 

192; W AWB l6I0 

The den~l.&;lr bas been dete-sd ahs by direct msnamcsnent. Tim 

The dsnafty h w  b w n  detemhed by g w  df6placasien't wfkh mmgen fro3 

4 )  Them aaricore obP;eAn~d 4,950 at -193% and 4,890 at -%PC, 

The* m3.m a% 19% agrees wen w i t h  the x-ray de~!sli%y., The &I.- 

f b d e  a ~ B P ~ o P % ~  of 4,tB d e a  a t  24% wMeh a l ~ o  ehecb %he x-ray valw 

very wel l  (W Amem 10), . 



The density of UCS vapor also hss been maasu~ed (~immemmm, 18F;l). 4 
The average valm is 13,31 (refkedi t o  a i r ) ;  It ahom that no associatian 

blem%h ticcUcAde as solvent lndicalm tht UC1& is present in the form ' 

(r) ~ & ~ ~ & & . & ~ & 4 ; e .  Obsemera of tho XJationaB Bureau. of 

S%andasds (4) h8ve detembed the specific hoat*, entropy and enthdlpy 

" "I4(s) f'rm l 5 O  ta 355OR [Table U). Meaeure13gnts were made 18 an 

atmosph%xe of dYIy Prslfm t o  avoid oxidation and'bdx-olyaia. The values of 

S m d  the fknct5on W-E: were obtalned by tabular integration, ushg 

S3~11psonrs mile, The en4uropy of UC1- at 2980160'r: l a  47,U emu. These 
l ( s  

results have been extended in a second aertse of d e t e ~ t i ~  (Natfoml 

Bureau of Stendnrds 3), nhich mbo c w e M  the bmprature range O°C t o  

@'PC (Tabb 15)0 The dfP'ferencee, between the two ~ s t a  of.valws in the 

range where overhpphg sc-a I 8  about 0,4 per cent; the high 

valuss (Table 15) are probably more reUsble since the El4 u ~ e d  w a ~  Of 

 the^ followbg equationo fit the exparimental data In Table 15 wit21 

.%be indicated pmcierian. They should not be used fm tenp3ratures belaw 

- 
* The sample used contiabed l e s s  than 0.02 per cent of non-volatile 

imporritf es 0 



I SFTCPII: HEAT, ENTROPY AND EN1P)NLPY OF UHBATTWB TI?TRACITEBRDE 





. . 

At %@~ipera%bw@s a h  1 W G ,  the Zast t@- in (50)  olnd ($1) sod WB 
. . 



I - acitimd the fsmie s a l t  =m*e plesent in such Urge that :heat 

I effects aswed by oanee~s'bmtim ckar,ga@ eo*d.be neglected, BP1 the read- 

tfm sf 'naniuia metal w i t h  F~SIICI) the liberaled hydr0gem my reduos aom 
' ,  

of tha F@(EII) ions; t h i s  effect can be taken i n t o  a c c m t  by debmining * 

t he  femaus iron w%P,41 e8rfe sdfatta after the dSssolu%ion b a  been compht~d, 

B B ~ % % ~ F  d@%@~~&'l~%fl0'11 @' and ??@Xld%~ g8Ve t i  V @ q  s b l f b ~  l?C98dt,, , 

The redue%f~n equf ldBM°im, P, . 
. . . . 

%lee@ bean d2eexssed 2.n Secfifm 1. sf thfa chapter (cf', q q t f o n  I), The 

foUow3mg m%ue~ fop tihe .heat fie@ engrgy of %maaQion of UC1 a m  
- 5 & 



a 112 CC1 21 ~ n d o t h ~ d ;  thegmfo~, with bemasag tsifipen'atu~o, UCl becomas 
4 :  

mom wnd! more ~tab%rs w i t h  mspect %a disecwia%Poan fn%o UCE a d  eh$.miI.ne. 
3 

CahULAona nhm~ tbt FC]. ( g )  be decomposed t o  'El3 at any altah- 
4 

Tho a b ~ . q & i a n  spa- of qwBmo nolukiolw o f  Eldt a h a  has bean 

etdiloit (W Chfmgo 6 )  , &k%im ' s a m  a% 8$8,4, $85, $9SB $&9# 64.9 ma 

(h) &$,ac:'t~BeuJ+ld 1 =D&)~ID&~:B%~ 

. .  . that ne adeitmte . p~eoautfions . were *en $0 e x c q ~ t l ~ e  m ~ f ~ e t m ?  ~ C I  afr awing 

the m~ouPe!nenfts-, Cmseqrien&Q, th&e results are of dwM.fU mlu@ md 
' 

. . . .  are cited hora only in the abskmcb of be&tee. data. 
t . . 



. . 4 

a good e m d w t o ~  elec%rfai'tx, The dgeeifie esnduet3.vH%~p as le h e t f o n  
t; 

of qtIe+emtm m o  ~%~.adiad by Bi1tz and Voight (1924). Alhoq$h  the ma-: 
\ 

s u ~ m m t s  seem good in thern~elvce~, doubt l a  cnet on Zlla valtdity of the 

xlaezil.%a bg.,%hep h o t  th-h tfh@ boiling p o b t  of the UC1 given by them 4 

me~&memnts a r ~  e~va%Iablc. . E ~ Q O ~ X = O & P ~ ~ ~  ~ e d u c  t ion of molten U C ~ ~  has 

beak u%%lispd In  i,he prepmtfm of' uranium metal. (see 'Ch%,pt@ps 



tstr~cms~tde eittraetar mter and axldfzes 3.n air, and ahodd therefom b 
d 

handld 3.n a dmp heire a ~ m ~ s ] p h @ ~  

. . 

less sen~tbive to moi3tur.s than UCIS or ITCI &he tetrachlorids ail'l . 
6 . . 

semQaee :f'md ,. . . ~ O W ~ F P Q ~ F  %ha% very %it%%@ h$pdrbagen ellloride is @valved 

unta sufPialent water has beon absorbed to'  form UClbe2y (~ronn 81. 
. . .  

oxides p~"oe$pi1att3~3 . Q~ma'Memtf on sf the Ionic species pm~mt in 
8 

el.queo%.m solutfona sf IXFe is deferred to the gmom3. disemsian' of the 
4 . . \ 



~ ~ e i c  s~lnan%s, but sol~olysla makes it Smpossibl~ t o  recover thci UC14 

UYW~L'W *b&-~=ch%o~~~de dlasliplves in esgprs%one, probbly also with 

ehedcaE rcswc$f an, fomiwg. a gr~earnf a h  ssBu%ion (~eas ,  1W3) . 
I 6 0919) icaad %hut Chi. sclutdon has g o d  ele&%oal mduet5vity.  .' 

I (as) w & g J ~ .  The reaetfon of lJ*29 vP%h oxygen at a$am%ed 4 .  1 I .  



Tho Zcmreot temperature a t  rhicb measurable reaction occurs is 230 5 O C  

for m ~ " t i o r n  (53) and 250 2 10% for reaction (54). No aned.3tl-l data 

were obtahad to &am that the "black compmdn obtained by ax5datfon 

actually aas U308' although t h i s  naa postulated to be the case. The 

energlea of a c t l ~ t i o n  for the two reactions rere estheted to be 

12 k c s l  wd 45 kal, respoetiveQr. An examination of the kinetic data 

ind5cates tiha% thqmta dotemining otap is the oxidsfion itself, a not 

the dtfPzlsion of' the gas through the sol id,  

Chlorine ieacts wlth UC14 a t  ebpsted temperatures to form rnPxturo~ -- 
of U C l  end UC16. (!&lo reaction ie  dinunssd 5m ccmriectim with the 

5 
preparation of' l l C 4  in Seet4on 3.1. ) Ukaniua tetreohlurfde may also be 

chlmhated to a rnfxturo of UC15 -d IlCl at U 5 O - U 5 O C  b3. means of chlorine 
6 

dolu%ion in WIL.  rlut-?iq~ ctxmerts UC14, ea It does oU. other mmium 

c-&, to  w60 Phs reaction nay be danpmus h a u s e  of the exploslvs 

nature of chlnr2ne fluoride whioh is produced 3n l t r r  caurse, 

(d) RnducbgJigents. Hydrogen reduces UC14 to  UC1 under atnoaphorlc 
3 

preuaure, at  a tc.rmpsmtuau of 52S0-550DC (Brown 5 )  (see section 1.1~). 

Contrary t o  otahmr~tts In th. older l i teratwe,  hydrogen trromide and 

hydrogen iodide also arn redves LCIL to the triva36nt state (TIX-CER 1)  

(inatead of mraly ~x0hsngSng the halogen atam): 

A t  high= teeperatuma, however, HBr forms q, while HI gives m l x d  

iodorrhloridss. F?~drogrm fluaide a l m ~  givea m&. AWli matala (lithium, 



sodim, potaesPm, calcium, magnwirn. and alumhum) reduce UCIL t o  

B K I ~ ~ ~ c  ~~~, ( ~ e o  C h a p b ~  Lo ) 

(e) Double D~acmmaitfm Reaotions. SuU9mes a d  selenideo rmat 

. . 
s r e p ~ m a  to h attsek~d s e ~ ~ r s l y  (~ilts; 19% j. (FO~ more data on e m -  

8% 0x1 of quwta; and &:lasss s e ~ ~  SeoGioaz. (g) .) I.Mnim df QXM~ etaelf 

with moleen UCI4 'lo g l v e  P I Z .  

@ ~ m d a  eonkfning owe, two or three moles of twiunmUo Part o f  the 

~t ~ W C ,  enough mmiia PS 1-t by ths utter canpound t o  ~ O X ~ I I C ~ ~ ~ ~ N R ~ ,  

Both these k ~ P m d w  8a"9 m~table, I,n air and react ~1421 mtar to $ o m  - 



and nitride ~ s d h  (~eaL, 1932). QuiD~lhe and ~ ~ i d w , f ~ m  

Double k l $ a  of the %pe u.$E+ ham bben p m ~ ~ ~ ~ e d ,  where PI msy' bs 
! 

14, Na, K, or R4H, Saw of a e e e  ccmpamda found appUwtion in the elm- . !  
I 

e s m ~ h t  kdg.gos~opbe .in a%r9 m1~lt1Rg at 350%- 1% e m  be heated t o  '450% 



*. The Amat9 Group repmCj~ the smltixg poi& af' 11,7 mole k' ?El3 in th. 
aC13=UC1L t b  be lo- by UPC tbaR the maltisg polne of OC1.. 

--- VARIOUS lYMZES 
, -- -.-.*--. 5 ,  ----..* . . I-, .. r - 22.' 

"]izWm1 9(2nc16 

b 1 5 P  9 F C  

ue14 - N mglf-d 37w 2 sOc 
2 ..I.. 

wclL - lac1 N ~ B  9 a w e  a 

%ph@ alkalfne fqm similar d o e  ohloridas nit! UCQ. Two 

such oqo&da hawa been p~epared, namely B U C l g ,  end  SIP^^^# both re- 
. . 

semblag the ~ Q U S ~ U ~  dmbb. q & p ? e ~ o  Ypfdinitrm  ad q&?lbfm ' 

U C ~  - C ~ C $  

Elp, - l%C% 

UCl& - m13* 

aaJtt3, ( C ~ H ~ N ) ~ I E I ~  and ( c * N ) ~ ~ R ~ ,  abso a m  horn. These fan be pre- 
' I  

'pard by adldhg pp%djlple br qufPL03.h~ %a a ~01Uei~n of  tFC1 Pn abeolub 
. . , & 

alcohol mt&%erl v i a  P~yd~ogon eBdlorIda (~os~x&e%m, 1932 ) . 

M W  

I%i2UC+ 

None3 

-- - 

? 

? 

c q m a n t s  ~ c % & a @  
881 Ifquldi phase and 

. .  ...... .. 

43OD 2 S°C 

4 ~ 5 0  2 sOe 

53bS06: 
aaO 2 5% 

only kal%gh%l.y salubBe 
in soBbd pham 

- . -  , -. 



Thr phsso relaticnships in eysteme containing ElL togethas with a 

TRg resul?&a are s ~ r i z e d  211 Table 18, Po x-ray b~vcss%igationa of these 

ayatene have as yet, 'been made. (see C b p t e ~  ,fp,) 

' corrosive actim- of UC14 has received m h  study, but, as often in c m -  

rsion work, tho r e a d t s  are not entirely comfstent, After three h ~ m %  

at e4goc them appmrmd t o  be no pronounced attack by solid os.gasesm 

'blC1 on graphit;a, rsi+erctory porcolahn or ahzandm (~rincetor. 1). Quartz 4. 
also prmd to bs mrzistsnt under these condi..lions, although other in- 

vestip;e.tors hsve ~ Q ' U I I ~  that i% is attacked, Llqtaid UC14 definftely 

attacks both quartz and Pyrex &laas= Under identical conaditdone o f  ex- 

p o m s ,  the Psss l?n weigltt of' tungsten, rno~Ldanm and nicbome was fcmd 

to  IX leas than 1 ng/cS~ ni*l, t e n ~ ~ u m ,  monel and stainless steel h o t  

2 1-2 rng/cm; , w h ~ e  copy~or in vary b ~ d ~  attacked. men &tad and tin acere 

escpssed t o  UC3, vapcno, the wigld %oases weyo 9.6 per cent and 0,64 per 
4. 

cant r e s ~ ~ e c t l v e ~  (uU& 39).  -sure of' a number of metals to  El4 

vapor f o ~  flve hmws at 600% gave retsulte which arc, ewaarlzed In 

Tabb 19 (m 10) 8 . S q l e s  of 184 staen3,ess steel and nickel arere - 

COTrffOlSION OF SOU3 8ETAIS.  BY URAN lllb! !I'E'dmCWfl>nm VAPOR AT 6800~ 

Matgrrda3. 

- - 
lulm0.l 
Chr-b A 
18-8 Stainless Steel 

19aight lees $ 5 H a m  
<~l.l$cm 

5 
5 

22,5 
Ga2m.l aed :@on I @ 

Copm- : $?ST* ba4:i-j. co,.ort;dsd 
3 --I------.--- ,d - ............. 



eorrosion expressed as J(C$ h) proved t o  be ccnslult, independently of 
1 
l 

U 

- the length of' the experiment, The cbx~osfon sf 18-6 sbiinhecs steel varied 

0,OC017 &(em2 lir) (W A m s i  5) .  Incasal, nickel. a d  nichrome showed 

negligible ccmosion butween U.30 snd Y W ~ .  Type 30k stafnlees stesl , 

a d  Henel K wndwgo slgniflletmt . . 
emcsaisn, with steel rshodng a h%gbr 

r a ~  of mmssf on thsm .monel b1m fi2O0@ (WRE 40) ., .' 

nickel aad nickel ~alleys, C o w  @~~OI&I not bs wsed and plated swfacea 
I 

- 1 
should ba qvoLded, mfI@ sari% m r k e ~ ~  eome5der a * h l @ @ a  steel a eatis- 1 L 

23~t0r.y ma%srs,a2., this is br XIO ~ B W  B C ? J $ B ~ ~ B ~  i 
Some worlr kms been done on smsicm of' rnrious~ m ~ b b  and &Usp i :I 

by aquemm so~utiom ITCI when UK 'wh.itca gold9 UK rejjam e m d .  -4" 
and 2OK vMt8 g03.d were hiwarset3 a O,47 UCB so19.ution at rmm tamper- . 4 
atwe, fm 2% hama, no cmr~os5am was vb3bBe, EP1~lmeUed iron aubdeated to 

" h o d f a d m  aB..fslum e d s e  wSth  sta4iQ~ f-ra&mnd.ng rapidity in such a 

. soliit~on. ~ e ~ s c ~  papeio~s of s tee l  c c m d c d  m o o  papidly %b the st-1 





, B T o ~  &nivessit~ and e.t the T8:mossse Enstatan Iab(s .a torP@~ mc! offms 

at pr'esen% %b nest wnpbisfa~'tor~8 way for prepma91ng E l  . 5 "  

(a) ~lcec - tL~~io f  - -.--- ~ ~ - - . ~ - - ~ ~ c - ~  W.1 nnth Ci.aorlns -- end CC:l~~,-va9,0%~. Urs.nPm tetra- 

beem advom$ed 01:it. dor!fz kza: appws? to h ~ ~ c ~ ~ ~ a ~ % y  uis~id.~ eq~@ei.31~-2 

v tha s t z ~ a ~ n  watz~5-a~  ( U C ~  ) ia s&ficienk&r pupa (ucTu.'&,). 4 
. . 

TIIQ C2::C m%:i:o in %he produ~t obtahod by ma.ckiorI, (63) depanda mpsl 

%he mC;e ' 6;" cao,lj.rrlg ma be a8 high s p  5 05 :b:6%cat3ag a consf demb:Qr 

tp-ea%~i es.xtcrsn$ 02' cB%orbe t h ~ ~ a  $'kit cqrrsi~agsnd%~~g to the ft4'1~f~&7:;-~1 D ' l , 5 9 .  

1% has hem sq<gas:a?ad %11& aaolpo?mda of the %3p.3.pe, &T?C~I ,O~UG.UGI 4 are: Poxwed, 

r~hera mtis &::y Eay bvo'i va"Il.ms ,g-Peatw2 fik1Rxl cans, ~ ~ w W I & W W E ' ~  i% GBbEN ' 

no% ax~ff%e@ $0 -podtze,ss IJC1 (~roma 5j0 5 
? 

Attanlp-38 have been made %c, p~e.npm L%Ip by Y E S ~ O ~ O P I  o:? LZ-mim. e ~ Z d @  
s' 



b~.aganation 49 amnitan ostde-k~~ d ~ h  CCI wr wide eo y ~ s ~  e%th@n. tho 4 
tetra- 8~p 'the j ~ , ~ a . ~ e h l c ~ " i . % o ~ ~  :&:roe we sha.9.3, be ~ ~ X C @ P I U ~ ~  w i t t a  i;b apael.fbo 

ccnditi(ms radar which UC1L5 5s ~'>'otain@d. 

or IL 0 .~dpPdl2 -6eactad vgktln l iquid CCP 3.n a wetiled 2;&s to gi,v+3 
5 8 4 5 

COF,~~TSSOE, If even S. S~BU mem% of UC1 1s sCded at the bei3b3.h~g, . . 5  

tetmchlorlikj ((150 per cent) is used; UClg n:wt be add&. to t.llo wxi;ent o f  

~ liquid phase ~-esctfa; at, a?mosp!le~.ie pmsswa is "cmt rhuSe % P E L ~ , ~ S  of acid 



aeem to bhib5-% tihe reae%iona s-&on& (UCRL b?), 

The Liquid phhosd lialogamtirm of uranim ox8i-Ee by CC14, proceedis ~ ~ m b  

ca.sa sgg21i.n~ the ymaeDc>e of uranium pewkchlo~lrlo has a e.$Bfok;.g ~ u t ~ ~ ~ ~ l ~ r - t i o  

effeee; ftw prebable sxpbmtim will. be gi7pen bsbou~, 

a l o h 8 t i o n  af uranyl 11% tra%e k~wcn,hych&e or a.mrt~iidfwn &uanata ( P ~ O P ~  3 3  1,  

'Tile aat5dlty daee sot ssefii %s be aps1atod $0 t3e ,p%x%icie size but .~1Z3:;er 



t o  be eo~.rgaraP,ively her%. Dmnfm dlmride does not wfredly react wibh 

Iqql;lfd $ & ~ c ~ ~ o P P ~ u  prolx'1b2.y became the in%%id j p ~ ~ d ~ c % s  of %h@ 

l91e variable reaet5Tvftip o f  l iO 3 p ~ w g e r ~ s t i r n ~  cay w e n  Im a s n r ~ ~ i a l s d  

wtth exirtcnee of' vaz~fous c q s b l  m c d l P k ~ s t f ~ ) m  of %h%s mid@ of 

which at lcast f ios ape nm imam (W Chicago 7 ,  .sue Chapter 3.1, p s ]I 0 



~ t i t f e s  of W 4  of the order 09 10 p~ cent of the lislght of 

the DO used alrPeady exex% B notfeeable eaWybie effect, 'Phe probable - 3 
function PPP the, c a t w ~ C c ' w U P  be e q b i n e d  when the nebbni~m of *fa 

factors h the s & ~ o t r a ~ u l  ~n~sparntirn of IJCl5. The maotion is uswarn 

wimied kut a% teqe~%tme,s 3Se%wean IW m d  i6we and p~esimwe 03' less 
200 / 

ehm/pai, 1%. fa  desirable to eondaet the reaction a% a; iota a tenpewtu~e . . 

2mpx%me;eo The %la3.ogenaLion 9s ezothem8e; If the ~eaetion rnlx-km has 

%a be heated to a high teqem%ws "before the reaction s t a ~ b ,  the con- 

w@qu~nocse of .%he edb.z~equ@nt~ 6uddm %-&~lutfsn of hest ,my be d%~estrbus~ .! 
. . .. T '  

Thf e is L b  principal d~otive 9080 plsjlng as. active an oade as .poss%bb, 
*' '. 

, . 
ki th  a reactive  tide^ fh8  ~ * e ~ ~ t i A  can be ini-%f@;ted at tmpep8eptp?~ as t, 

W.OW as UP(: and m q 4 e d  60 cornp~et~on at UPC. Mter the reec~ion w 

staFf;eOd, the tsrspem.P;?me ca~l be em&sned by prwf%tirig GCI $6 dl.stil1 I 



I 

: CC1. does not ehmge the tgmgefatplre a t  which th9 reaction begins, srr . 
4 

the duration of L"l fflm"s%, Violent, phase of oave~efon,  bvt it does reduoa 
. . 

,. %he niax8saruE1 bxysmtme m c h e d  d m h g  thfs  phase and carts the t5.m re- 
I 

g e e d  for comlplrtfan of t h ~  pruessls, U o ,  the g~silu1:t contalm leaa 

I lW3W per cent CCE above the stofchiomtrfc qwiaatity appears 
15 

wSa%cuce . (Worn 14) ; the U P ~ I L P  the abs01ut.o q~;~~il%k%y of UO W~P, %he 
3 

I -Pn s m d J .  arnqmb (soacsk as 0 2 5  per cent) behaves w we22 aa and perbps 
./----- 

oven ?395terr -%& ,rigorowSy purSTf.ed ear- tetrac:?fax=ide (8rmm 22; - - , . 
Z 

- 
UCHL 51)" 

[ B P O ~ ~  PSBBa)) . Some ~provment m@mamd in af ber pmhmtlng9 

the 9-t phase of the reaetlan nas eornsnhae loss v l o l ~ n t ,  but on Wle 

t o  delay t h  onsot of the reaction and that once the reaction has started 

-5% poeosda as mpiC?ly with mist as. n%h dsy =%rial (~rm 15); but 

I other hvea%f~atcz;s, b a ~ b g  t h b P  con~lxmf cms on ex%mded pmotieal am 

prfemee9 asserted th'b moietum bterf'ercaa uftb the quality of the pm- 

duet and renders the *sMs mpmdiotable ( E R E  52) . !?Me 5s not s q ~ f  srhg 



~ .appear to bb &q~owed by the ~ e p m b d ' w ~  ~f the equ.ipm&nt w i t . h a u t  

ebmfng, and yields as high as 97 per ocim* can b6 obtained in t h i . ~  
. . 

war (EhTml a?)', 

$3 on sf l r ~ ~ e $ ~ v ~ - b ~  %he d d ~  w%%h its c~ppta l .  ~tm%um h@Bp 3xi 

w%%h %he lPberstim 02 aB1LcrfR~ nnd phosgen~. d m  be ~ ~ , p m s e n b d  by the  





th59 b f n i a  of. dacreasing s o l ~ ~ b i l f t y  Pn (XI1; each fmetion wae analymd 

$ i o n ~ P  k thc3 OX:m088 CO!~@H& o!? %he bV'638%f&@G f ~ a ~ % k i ~  ) Th@ X ' C ) S ~ % J ~  

~ h ~ ~ ~ ; & l d l  f&*lr e~~1~17X)i%'&i.3? %ha$ the ~ h ? ~ - ~ ~ ) h b l C ?  gl0aid ~ 0 m h . b d  0f 5 .  
&a~~phbX~ BC1 1, anom ( i m ~ s t m ~  B Q I M ~ J . ~  1 g~ek;s BOIUMB) and 

k!. . $ 3 . 
uo c?. Q~~;~ISQBPAKLC~~)O 

2 2 
, 

' 

:%@ ~ ~ i s P ; f i ~ d i ~ h ~  formtion of %&I 02qeIhabm9.de~ he.ving thp ls  bwn es- 

t a ~ f i t a h ~ d ,  eke e , u t m a W t t c  effect of UC.I aw1 tm e x p a b e d  %BY asgxmp- 
3 

t ion Ui& raaetiori fb% U E Q ~ S  batv~een M) and UCI5 v&f& gi~se o%J&b=* 3 

W) %%ses.W, A Ifkely nec:bm%am fm U s  %Ass% step fs: 3 

(65) m3 4 ,  ma, ---t ml + 1~:e~112 
2 3 

QU) 2TjC,C,l + 2aecll - 3  ma, + xoc% 
3 .  2 



~ n s ~ o J a  EPg l d d .  ti1w be present in the final product for each tmo 

. mole& El5 added, rnlems the coriditione are such % b t  U C ~  decmcoes 6 
frto TEX5 wand ehlor3ria,,' The conditfone s p a e ~ i b d  for the pnparatlaa axf 

%n sec t i in  4.1. Thlo .aeehiso, indlcatep wha, the ratio 21JC15 per I IIO 
. 3  

oturos ke h w  as IQc. Sirace &I5, a8 we11 BS WI6) ~ & o e s  off on* traces 

of ~ b l o ~ ~ i r a  a& UOOC (undl~9~~ et&sphspie pr&snw@), the ~ o l s c s  of the chlo- 

rphe not b P%1,8 deempwrPllon of tho btem~ed%aiatea. Hmever,.th@ ?BC4 
FPac%ico obta in~d ,  fram the g x d s  & U ~ Q  br elueion with C C l l  mi f nmd .to 

bci s;twps~shq$ly sbblasg ' Bte dsc~mposfi2m o s c m ~ d  only above 3%5°C, The 



B ~ ~ I I  pre~8me txntarsbvs p ~ e p a i a t i ~ n ~  are ~ s ~ i s ~ a - ~ a c ~ ~  orystia~3 1~1th a 
ir; 

m~bl1.Pte-~t1s?ier., Atteilpto have bean mda to pa-ery~eebllfze the r s d - k m  i 
aiapoeqyatals of UClg Crcm CCl eolutfm in nm autocbve, b$l thee. at- Ib 

bcnzme gape a value 02 3.81 ('FP bm~38 18) ; The packbig demsiex cB. 

(b %dtim?g Point _wd VohJili&. S i p w  U C l q  rtodo+goes both 
4 4 

-80 oe&rs*n, GCie15 and U C k  by sublLantiag eri3 %h13 was inte~pretsd as h d i =  



iuas f omd to ccmesp&d quite c l o q ~ u  to a dimw (m15)20 If m y  thus 
, . 

Ira suggested Llat  UCl should bs fonaulatad as U2Cl10. 
3 

bean d e b r e ~ n e i i  at ~ & r k e l e ~  br measuring the hikercnes. in tho heats of 

solution of KG1 ebnd WCl 111watsr eon4aining excess F.C13. 
4 a .  .% 

(7%) w (a) + 5/2 ~ 1 9  h. (g ) '--+ U C & ( ~  ) a %?j 442.1 (20.6) kca/ 
mob 

. . The 'entn:gy a1 ElS has bseB estimated t o  be S ": 57,0' e,u,; 
~ 9 % ~  

i t 3  fop (75) then beeoao~ -88.3 o . ~ .  and aFoZgg -232,'7 2 2,O Xteaab 

A (e ) ' 'The d5.slectrio eonsWa% of eoBf d E X  %a B09 md dags not vary 5 



I' 
lk 
1 

i (a) ' ~ f f e c t  $- Umnf~m pent.aclharide is very hygzwaeopic.,. 
I 
I - It f&%en~3tlve 40 moPstm~, whm the pa~tlaR p ~ e s a w e  of v a t m a  %a 0,00"1 rim 

or m o m  (~rovm B), Liquid watek dsoompossa it. %mediately: 

("9) ZUGI + 28 o -+ U C ~  + m cl, -+ LRca 
5 2 2 d 

To avoid Bssa of' hy3~ogen chloride when this ~~cac t fon  is wed for @~l~~&%f@sl 

purposes, iti lta udrloisable t o  edd the UC15 to dllu%e sulAnfo w i d  coolad t o  

-7%!°C axid, $0 al.%w the rea~'hnP1s to. mm cap' s10w.Q (*om 2L), - 

 he s o l n b i l : ~ t ~  0s U C I ~  isr a ais:rge n m b r  of u r p t c  eo~venie bas hew ~ examined, The goIubU.it3 in CCIL i~ gfv~13 in Tabi@ 21 as a fimcticn of 

I teutperatwe. Tabla 21 s h m  ?&at Wls P.ddiClwr.  of el2 d@creaties the 



S O ~ C ~ * B ~ I ~  - -- - - . - - - -  --- .----.--.-.i.3----* -. - 
Thf on21 ch3mf de s o l  itddll~h-'oP@im eolu%fm -- 
Pgrit.%dZnae -I-- Appwrs -2.0 form a. compl@sr 

---------'------- 

!ibnz;atriohB01~ide mS, at first,, bat b%a& sell3 forms an stmdhg 

*kt SOL 1 Green solutim ,bb' Oichlomethfl 
. ethm --- --I-- 

Freon Frem 21 ~ p i d '  maohion WI& ~1 ~vcplab%on '. 
. a . . .  

2 ----- -_I,- .. 

meon ~ % 3  8101~ I ~ p t .  ~ornsj on ?miltng 



( c )  ' Eoublm 3 e c r n ~ s l t . l ~ ~ ~  R~act2cm. LIqulds mhydrous' 1~c9rogcm 

f11wrSlds eomeaots mP, $0 IJF : 
.l . 5  . 

. . .  

' -(m) , uc:a5 +, ~m. -+up5, c 5311. ' 

3 .  



. , 

f e abw% the., :~ame I m  atmoopbar~s of BPllelrine or :YWQ nttrogen ( ~ m r l l  U), . 

indicating %ha% %)is roaitimi is not ma~lce62y reve~aib.Bla under these eandi- 

t.lonrr. At- the T~~rnne~Um Far;- i&bbtmLOri@~ $.% . t a ~  been reported tbt 

DC1 evolwea no%ieeab2.a agxnmt~ .sf C% a% 750C and chat the rate of 5 
dseanpositirn inmeaaao rapidly at 1.75% (TEC-CER 31). 

The thema1 t~tab%lf-%y of El5 hss been seudled by BBrtin and Eldau 

(1943). Tl1~8C3 ~ePkeX% FlOPB BIJPBIF$S~~%;~ YWlPFFBTt3 0k. the @ X ~ ? ~ I ~ $ Y ~ ' I C O  of gCl6 

resul-ts prolmb3.y r@i'er to a m%we of El5 and UCb rather &hn.Lo pmr. 

a1 The kfnatica of the thermal deeorsposit3.cn have' been' bvsstigated 
5 "  

mapect t o  UC.2 The mte eonsha~& OF ~caetfcm (62) was fotmd b b af 
5 

the cirde~ OP 10 '3/aimrte SOP the ~ ~ ~ r " a Q l i r o  range 11000-1520C, end t b  

- .  

a$ %W-175°C',%w a high m-, Unnanim penPlcjlehlui:tde a h d d  net b 





. . 
c t The rathen. mexpectsb stabilPQ o f  the hsnraehlorfde, coupled wia its 

. .  , , . .  mrked voX&ltili%yo hds aroused c&eidi~mbb~ %wP;ex*es%, Ma%hods, of pmy- 
. . 

amtfon have baen fPltenslveQ studied and eom progress.ba been 5?de 

.h %he e~mmir;ntbm of -&he phy5la1 e;nd chermficcnl p~opart%es,  . 

for th, prepa=%ion of llClg: (u ) The above-rnetgrtilonad d2spropox%f onatitm 
. . . .  

n .  of UFC; I.n, vaewm. T11.e m:imu. amcunt of lfCI6 obtainable in this my 13. . 

5$06 pop cent cxf 'the' weigh% of ?El . (b) Eieaotfon of m UCB with 5 4 5 
chlopin.e gas at slswated tmpefa~ures. ~ r o ~ t s  with a cmbe:&irne 

- .  
ra%io up t o  5,d:l aan 'be obtabed 5n thPs way. They a m  6 ueed ae mte~ia1 

ehlmide (unualiy E L ~ ) ,  or of DO with a a W w  d P c h l c s ~  m d  carbon 
4 ., 

ou% fn & ghse-9)'cgssse19 er a ~ t a b 1 e s g .  ateell vessel, equ5pped w 2 b h  a 

condenser emolod w i e h  ~ c l i d  CO The pllrlty of' tha UClg obhfned d ~ o  
2 a 4 

The h1g.le-z the e ~ 1 9 m b ~ ~ ~ f o p l s  mtio In %hd materia% wed,' %he fewer 

 he dcessity fm repeated frektionat5m arises fran the fact that El5 . . 
. . 



UC15.  The d . i ~ p o i t o n  18 best eaml.ed or% 3% ~ ~ 0 1 5 ~ 6  wide]:' - 
p~ssa-8 of the opaer of 10'1 m ( L ~ L  611, The closer the compooi%ican 

. . .  

of th? stal.eing charge corrasj~ond~ to VC:l+ the Icm~er lmast tho tempr&~tme 

~mes favor %he d.%ap=i*~pmbf on8~L.fm~ a good w.eum fa esslential, A 

vam'm wen \rhea woe. era contintmw~y evbl~cid by the reacting mass. 

(b) pepsqtion of' tE mgpemtm Varpm- 

of' t I i 8  prdwt depends t o  a ~o~stdex"&lb%e extexl% on the m p i d i t ~  with wkttch 

, the xoearotion p~&uets arrps cooled @porn B8), The mare rapid the. eoolhgd 

the higher the 'UCll content. Tbo chlm5n@:utwim rat9 in the prcdw% 

is h931er at, 350% than at'450°C (WOE& 20); E w r h e ~ b  showed that tihe 



some&5m~s eugg~eted addetion ?f CC1. vapor to the chlorine is not p t f -  
4 

cula??Py b e n e f i ~ ~ L ,  A t  the above-given tanperatwee a product eonsais$hg 

of 30 per cent UC16 and 'PO per cent UCl can be obtained. 5 
1% L e i  ot.'trm  nun comenient ha tms d%reeP,ly.? (or other oxidea) 

T o r  the pmpwatipn of a16 inn'.& of pltflieing UC1 as the intemediarg. 
4 

This nay be aallieved by e~IPor~t;Pwg lJ03 wi'& a m i x t u r e  of chlariae end 

C@% mpm, .This rsaetion vms d i s ~ i ~ ~ 3 8 i d  in the sec$ion dealing wl ' th  f ie  . . & 

p~eparat9nr, of 'IliCf (ef , p. 4 
), and eoadi%ions~ V I ~ Q  specified there 

whicll 1-13 to the m i n h m  P-sld of TW;I5, Hm, we are iPlterested.in 

eondihiona suttshle to achieve prac$icall$ cowlete conv@~sion t o  El5 

and mI60 Thils i s  aceomplishad by g r w t i  h e  the p8.ep~diora of 

press- .of CCI n ~ c h  suggests tb% tho aninn.+ ~ o y . t i m  OE c~or~ . iaa  
i19 

auffie%ex~t for g a d  csnversfow ahoqld b used, 'fhfa ~pnc t ion  hais abeo b ~ n  

applied ho a nmher of uwnium coqounds o k k  than I??, with results which 

sra ~cmmpia;ed :A. TaKm 23 (IVCRL LA 62 ) , 

The prsso::nnn of amall amounts of moist me^ in %he U+ seemed to k v e  

no 3ff'ae% OXI tho zield of Um?iurm trisxide U 0 glve identical 3 8 
flelde, which suzgeots %kt the UO f a  first cmv@fied t o  U 0 a't the 3 3 8 
bmpewtwa of th* ~ r a o t i e n .  The chlorinat%oa of U308 ueuslly produces 

67 mole per cent of U C b  and 33 inob per cen'. OCl or 79.5 per aont 
b9 

?ICk by v~eight, The e h f o ~ W t i a ~ 1  m y  a b o  be a m l a d  out by treating an 

intimate mixtwo' of' DO &d ca~bon with ehlaFtne a% 5LOJC. Tha product 
3 

.so ob%abed  ha^ a chlorlnC9:mSm mtfo ) 5 ,  but smalfer than' that 

aehicisd ' kg  the -1- CS. .+ CCB ~sac%5aa (U2TbS4 63 3 a I 



is t h~mal ly  metable, c8n iw prqx%rcd at very high %emperatmks, 

probb2.y boaawe it docmposnn anlg. s l o e  b the vapor phase. The, 
' 

---- . . -- 

Readtzda $ ConyersYsma &o 

u c ~ g - ~ ~ ~ p  ps q~9i.~~t1a~ S W O ~ ~  out of ehe hot region of the mactor by 
. . 

-. ---- 
lie + 6% 9 C.CQ 
: 2 

?m, -I- el2 0 Elk 

Prcl& +. c+ 

w2cl2 9 el2 + CCI k - 
4 ... -. --.-. 

7 t o  10 per sent e h l o ~ $ e  mlriiim in CC1& at L15OC. At higher tmpar-' 

( ~ c l u d h g  DCk 'obtah@?le , 
f ~ o m  the poaucea) 

-.- 

'790% 

5809, 

69,7 . .  

7% 05 
- 

at-s (lgP-:l700~) the reaction is ;:lore w i d  and &hlorimtion %o high* 

& l m i d a o . i ~  preetimlJ$ ocmpleb acbp thee h o r n .  'Be addition of WQ9 . . 

ap IYCl to %ha rc&cbion mirtme aceelrate:, the ehlorlnatiom. Umim 
5 

,p~nta&lorida wid hamchlorlde have been produced in appoxhately 

squfwlan(: amomb by Chis method. This reaction d i d n o t  f i n d  nueh use 



I 916 a e m t b e s  very 6 ~ 3 f L  for no ol~vfow reaaon, The r a b  of produetion 

is ustin~y about 10 per cent by of the C C ~ ~ .  ~ h s  colrcentraeim 

' appears %"I% '$aeYS%eaB wde3 CCl cmtainLmg small mounts sf CS t9 2 
is b e t t t ~  than h(i&Q pur3ffdd CD1 but this is not certain. 

4" 

~ ems.. of Elg is ussd a6 %he bngbqing. After reaction has proc&dod 
I 
1 . to the pdint dteire 16 p r  om* Elb tias tma'lc.ir.osd, a pottion the . . 

:rolntim %B removedo The autmL?ve is then ra-ahwge'd with inme 
. . 

CCl 4 4 %  and L b  pPoaos* mpeated (~rown 22,23,29). The chief' 
6% 2 

adxmtagea of thfo p ~ ~ e d m g  are -a$ no aan%wl pr3bksm me inlP6plved 



T % ~ I  ma& satisfactory method fw pfep~3.ng U<:Q by liquid phase 

xwaotim cmatsts of We t ~ w a b m L  6f M3 si%n a CCP +C1 rn9,~mef fn 
4 2 

the p~~aseilco of' UUC ae a acstalyst., In the absence of El5, the reac- 
5 

tion is m~st.iefectoqy (~ror~u 9).  he pate and dsgmw of conpersion 

29,30) a d .  ths  conebwSort was that the h f t i a P  UCB e~nwntra%fon ~ h d d  
5 * .  

Im at le~.s.&-cqud or, +r%d'@rab~, double Wlat of' the U030 Whan the 

.ElohI.B PELtb uib'l ~m, & O ~ S  b W O P 7  6%Pe9 %Hlbl3~pb63f23 C O ~ ~ V B ~ D B ~ ~ O ~  0dP ehls ' 

5 4 3 

'~elnl 7 per cent %he eonversion .JP %he aiR &O Elg ia i n ~ o q l e t B ,  A 

a& at 1W-l15aC. The fhll yield of llC16 is obtained at the snd of 

0.5 horn at thee tem~,tsra%am, but the UD3 L f w d  to be incon~lstely 



. . 
rS 

A tgpicd cho~ge is; 363 g Wg, 1053 g 9 530 8 el2 and 5lSO g CCILn 
5 

After heating igm %kee hours. at U 5 O C ,  Qlh~ rcaeotorr ie cooled to 35OC 

and a B h 3 7 0 0  g of solution rammed. The Elb eo~tent  of the aqlut%cn 

is det&rminod and the xbactor is tnen rw=ebd:cged ui& C12# CCI and an 4% , 

labat 8 5  por ;cmt UCY and 15 por e a t  l l ~ l ~ . .  Ths oolub%l&ty 'of IOCb %a 6 
1 5s nu& greater than the% of El5 (sea belw) .  At 3 F C ,  100 g of A 
salmnti ail1 d~sis .c~w k1,7 q uCl6 and 2.1 g IICI5 ' (13~&m 28). The 

. . 
(W e 0 . SubI&rla$f.on h 8hlorine 'or nlt~o;~xb a% 35WC howe~@Z"~ 



. 1 

or1 the eublim:bP&~ of Elg also has been studied (UCRL 65). After I 
I 

solutirn in CC3. or enporno to CC1 -vapor tho s u b ~ ~ t f r m  of' El6 is 4 4 .  ! 

nov& oai$Ls-ln, and * residue whiehonnnol be sybliaed a% 1 W C  elwap 

fine,  bhek  and. dark $noem axya$aBs, The emc% appearnee depends. an the . ' 

' @  ' 

method of purllicatio;% and the rate at which %ha e~ysfal; m e  grown. 
, 

, - 
. . .  (a) gc&B%nnl: Point ( E x L  66). Dasp*%a thermal h ~ t a b U % t y ~  it has 

(b) X-iEXsr S ~ I W D ~ W ~  Bens5Q (W Chkago 5,8),  C q w t a l l h p  . 

' , . 
WP6 hao beail t33&!%ii&d: by x-my mehods nnd f ~ m d  t o  possess an hexagonal 



. . 

filere are ' ~ P L P B ~  aoleculee per unit cel l  @ad the Chres, wanim atcm 

given 88a Tabfa 24, 



Tke vapor3 petimrwa df E l  . bacl also  been ds8~rmhed by a tz%nspikT , 6 
t ~ a n  iue thd iasiag p u r f i ~ e d  ~~eltrrrn ga. (BP ~ w a  ~~20). TIMI resti~ti &era . 

c m c % e d  fop e;vs1~1tXsm of ohlonobe BFBBQ~?~ from ~ e ~ u ~ g p ) ~ ~ i t f o n  of t b  

?El6. Thei o9pon. PzeasuFss are cossidembly lowar than those oMainsd 

by the c%Scke~ gavg3 m%bod, (%able 25 )  



aacwa%e in prbc511Jl.e %hm the abielker gaupde ~ ~ Z % P C ? S ~  Xn the bt t~)~ 

case no ear~eetiow WB mad@ for % h 8 m d  deefaposf%Lo~~~.of the UCB60 

I of UCk from &P to 350% hare ~ B R  d@term%~ed b,y the Natilonsl B . u  of 

stnndwds (5) (Tabla 26) S2* .is .io& $0 pgq? U,P8 BOOU 





. . -  

TAME 26 (CO~WGID) 
-- - 

(m; ~o~os /m019  ) - 
21,585 
a 3 381 
23gS3 . 

23,990 . 
' . 2kr8m 

25,619 
26,442 

' 27,269 
28,100 
.2gD936 . 
29,777 
30pW 
3%9&% 
32,326 
33 0 1%. 
34 0 Ollb 
'348912 
359783' 

, 36,657' . . 

3V92a  
3% 535 
Be4Jy 

- 3 9 3 0  
4 ~ ~ 1 %  
a,@% 
U$Bl 
4 ~ ~ ~ ~ 3 2  
PLgg784 ' 

4.4.; $94 
4586W 
&&5% 

-- 
T 

(OR) 

209 
210 
2x5 
229 ., 

225 
230 ' . 

235 
a0 
245 
250 
255 ' 

260 . 
265 
270 . 

275 
280 
285 

. 290 . 

295 
2980% 

I 

e 
(Xtrk, ~&o/m.l& OK) 

--- 
f53,9 
B 5 9 S  
360e$ 

. I6l 9 
a63,0 
16t00 

- _ 1 _ _ 1 - -  

5 

(lht, ~ a u l a o / ~ b ~ @ '  &#) 
-- 

222.90 
226 0 *.L; 
23005% . 
2% 023 
2340%3 
2&10$"P 

305 J(M , . I Ip16 .2 7 289,54 

1a09 245 0 01 I, 165.9 . .Wo4?3 
I%o8 2510% . I lf9'd ,7 , . 255 2 0  

2% 0.42 
295 
2%0@ 
3Q0086 
303 

, ' 306,33 
. . 4@30= 

UU069 

310 
31.5 
320 
525 
330 
339 
340 . 
345 

1&,6 , . 

%09,5 
3.7'0 
X7Ee2 
3.7'2 .% 
17'2.9 
1'73 07 
%?&04 . . 

350 - . 2 , e P 3 . 8  ' 3U033 

lZ'"5 . 
1'78.2 
178 09 
27907 
180,5 
18% 23 
3332 .% 
.U209 

.25$*& ' 

,261 
265 .34. 
26$ 3% 

. ,  2710b3$; 
274.05'9 
277.66 
280,69 , . 

I 17'5,2 ' 289 a$$ 

I 175 07 . 285,5$. 
176. Q 286,453 



A' 8equone@ of rathay di2Puae bands are fomd it, 20,000 E~R"'~ beloa 

W,CKX~ m-1 W ~ S .  b e m e  we&er, but ~ k ~ r p e r .   he ~nltmv~ob$ 
. 

s p l a a t m  b l o w  fOiOOO em-l aaa not hv&ligated. 

e%IS.wff Big, 2, and appears q~aB1Itat%v~ly to r~@@mb1~9 %he ekc;cIPption 

apeeltram of El6 v a b ; ~ .  

. L i t t l e  is hm about the 

ch~m%m% pmpa~h9es of' U C k .  1% 1s efiremdy mgtable In *.a preseneo 



WAVE LENGTH IN ANGSTROMS. " 

FIG. 2. ABSORPTION SPECTRA OF URANIUM HEXACHLORIDE IN 
. . 

PERFLUOROHEPTANE. 



.a stabla, hrooni so:LuGion, The solubility h CCIL  and in a number of 

other 83b~19U'b beem d@h~'&led a (Table 27. ) ITYDBIWIIW P , ~ ~ ~ C U B P Y ~  Ck3 ' 

appcsam $0 react w i t h  tetnashlmethyleae (UtXtL 58) nand rrrjrphthmfe 

h@m~d~bom (~&l~mb.%a I), 1% is ~ 3 . i & $ Q  asa31xibb la t h  f31mmembon 

~ , - TABU 27 



thiu time on *the t h e m 1  dscornpolr5-t~on of XJCk. The co~pcnnd is probably 

abbl9e up ts t;jq~ratwee 'of' 2280-15CP06, The klnettea of the t h m m l  

deocmpoaitfcri r*'l K!16 have ?been studied cnd fatohd to .b complicated 

the curve t?cmd t o  bv0 a paint of inf3~jctian; thfs has been inter- 

mb t o  unc~th&, n3m stable fm. A we3,Z defined inducfion period, 

drscreashg f"Tma $Ph%y minutes 'tn five mincr.he as the toinpera%twe is 

mioed TPO~L 340" t o  ~ ? O a C ,  f c obgkmedo 'Fha f n d m t f  on pmid my wall 

be Q f m e l 5 c ~  w2 the previow histc~ry ox? t & ~  mmple, Tde deeompait%on 

f a  uho nmBi:e&& nf'f'acbu by ctrt-ie, 2,t+~b%2eso steel- and monel mbxl 

rxe rect2ve cfitrnlyste for t h e m 1  deempositim of VCk; gold and xllekol- 

p3.eited acpgx~r W ~ J  a m  quit8 har t ,  

%u rat! af d ~ b o m p ~ i t i o n  of U C ~ ~  in LLm vapor p k o  is negligiblc~ 

. 'i3y c<prqmrf s m  t o  i x i  the a0U.d phase 31 the rDang:3 UP-P80°C, the 

rate oa'a?~tant kO 03' %ha reaction, 

tairrty of tb w~pm' ~ ~ F B G F , U T ~  data Zoa. UCk, An actlvatim energy of 

approx'In~.te.Pg. LO k d / m o l s  is m~uired faa reaction (89) .  

( R 3 ~ l & 1 ~ I h ~ ~ o m n  F1w~d.d. (Er~wl~ 26*27) . 
dhen WIG is d;ii"ea.t~~d with puriFPad, a&3drcbw liquid hydrogen fluoride . 
at +om   amp err at ma (~r, a p m a l - l i n s c ~  -3&), B P ~  rath~r thnn m6 



fact %hat tho am?.gairu? teats n e r ~  pe~~famed at X W C v  at which %empar- 

8%- %he u=ti~~ya;A~ ejffeets m y  noti b Lmpor8;wrt0 The results of som 
. . . I 

of & b e e  e2qmYi,m2f;~ a m  g%vm $ Table .%Go 

TABLE . . 

Bm3glP A f  em32 amount, fmm 
Pb and Brass 
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6.2 Reaction of Wantm 3Iytirid.e with Garbcm -03~hds , . 

' @ m b b a  Carbony1 . . . . 

6.3 Bglctiem of Umzaium HBlidae wi%h Carbon Maoxide 
and mav;eiw Ageqtar 



1% %a a aswaa,$ maffe hy~mtopl..c o w u n b ,  but in s @zwraI way uader- 

a o s o  of =I3. 'Phe pagaratlvs mothod0 Par Wkj e9d Elj s+e d s o  v e ~ y  

tatiro -im%"oma$%on about U3r3 'my be ob t r ined  by enel= isam IiElg. 

hm?ev;~r, i~ mmer mmatiefactor~, prwod-s miah give a pmr pro- 

(af &e-ticm of mb; f roz  &., + &Ir..;iG&me 2-6; HI? Chicego 
-. - - - - - - - -  - 

1 1 ,  W o g ~ s : ?  b o m t i h  macto ~onBLily s:xl BIQDB%P~X~ w i t h  uranium 

the haad of -1s eecttclra (rbfao ~;eg'  Bi6g, I), Bt f s geeesaepy t o  uros p w a  

P ~ & ~ - H Z ~ S  j %M~D sdP q m  met 'bse %he hydlpom~~, @ ehe 

brooine used in prepMng ehc hptp0geaa brmids m o t  be dried mcr P205. 



FIE. I, &Pt%RNU$ FOR THE PREPARATIDW OP ANHYDROUS URAPllUld TRlBROMlDE 

A R R E Q G T I ~  OWA~BER 
8. SeRUBBINB OHAMBER 
G. SINTEREO @LASS DISC 
& VUTLET FOR FLUSHINO WSTEM 
L 970PODBK 
F. STOPEWK 

J. THISTLE TUBE 
K, W O W W  
L. BAS INLET 

M. T#REE WAY STaWOo8 
N. RESISTANGE FURNAM 
0. THREE W i W  S T O P W K  
P. SANDl\80 TllFEJ) JalP(7 
B, RUBBER TUBtMB 
R. S M B A R O  TILPeR JOINT 
S. STANDARD TbPER JOINT -. 
T. OUTLEY TO Ha00  
U SWLFMRlO AGlD BUBBLER AM0 TRAP 
V RESISTANOE BUR- 
w MWOMEtER 
*. @LA- WOOL PLU~.  
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fb) Fyoa~&Ioon of tCtn13.to Iken1.m wtttb 3rcmzine (M P Berkoaey 1,2,3). 

' ie ta l l lc  umnlum and bromlm vapm maat to yla?.d UBr3: 

( 3 )  IJ .+ zl 2 L-- a -> ~ 1 2  

to oltaln UBr3 a to l ch lwe t~ l c  qmxrblttoo an, uwb.  A l ~ g e  p p x  tube 

-aia a 5 1 P ~  ana far the B r ~ ~  la a e~citable msction veseel. The bm- 

aim :e bpt i.? xien in the rorervolr until natal ie heated t o  j00°-500~i 

t&s bb.rc;ai33 ! 8 then liqulfled and 'the myme ,fi<n-s& t o  reaet wla the 

;set&. n o  mdun r ; . q  sbtiantqpauoly b Pcapepswc' by hydrlae fanmWon 

.a wibcrqwat i ? e c o ~ ~ m I t l a ~ .  When the 'b3.omfS3s 1 c  all canem&, fhe entire 

3yota.n ie h e z t o ~  to 500~-5508. A met se olose to m3 1s 

obteLDJZlgo 1x1 'Lhi.6 way. 

( 0  W?:,:-utlon of UBrt wi'B Hgdrodpbn. Hletori&y the p p a m t l o n  

of mg wir ' f irst  acocqLPah&. by hydro@m rsiuotian at temprafupes 

mar Lho 301%11119 pint of UBq (AllbegofY, 1896; i'i a i m ~ n n ,  1882): 

(4 D&J+ + 1/2 Hg -+ UBr3 + BBr 

ft -3 h Z k  ~ G W ? ,  hcwam~'~ mR?~ctlon d028 u0t ll43~8&lr a b p  at 

tho t~Ibmlb ntaCp an3 t2x-L prcduets vlth ti uxan1um:branlm ratio elg- 

alfimn?JX~ leaa thaa thrse crre ecimetlnrm obt~.ined (MP Amee 6; MP Berkeley 

4 ZlLa cbortrvatlan h a  been eaffrmsd botb b7 andlyrlo of the pro- 

Wt em! >:? ms~~ursnrsi% of the amouat of hyl9:yyn braatdo emived, It 

1e not olmr whdther m&uotlc#l t o  s lowor utanll?m bruaride ocou-ro, oa 

whethst* t m c o o  of moisture or catygaa are recpmlble.  llhe reduction 

muctlm appazw to a t a r t  at b%%, but tho rate ts ertrembly slow 

blow 530%. ~t 79c0c tho rate 10 rapid, bdt cmvl~brab~o  attaok an 

the quartz reao%ors 1s erperl-d. Tho tuu30rtainty of the a ~ i t l o n  

of' .the product, o o ~ p l e b  with the fact  that tho raacticm i e  e l m ,  rendore 

the hsapogm reduoticar methsd of doubtful ut~llty. 



propw%ieoo L ¶ b  t h e ~ e ~  f t  i.a a, high-mlP;tn.g, am-volatile c~yeeall,lne . 
suba"ae. 

(a) bltitl# Fofnt. A mxnikrp of' valuee farr, the mltlng point 
- .  - aQ t?!3r ma avaf labls (MI? hime 7; Mf Bcrhloy 2,6,71 MP CBtcago 2; 

3 
UCRlt 2 ) .  A d u e  9S 755% f a a d  a t  b a  i e  not based on a dffect deter- 

mimlfltm of -b110 mltbng p&t, but is eorlvedl fron phase rule e.t;uBLiee 

cf t k ~  U-UBr and tBr3-UPhP4 ayatew. A t  IiCRL a value 02 730% w e  found 
9 

0 
ax = 7.926 2 0.002 a3 Q 4.432 2 0.002 A. 

Thare w o  two molsouloe pop unit ~ 1 9 ,  vith nlaa bmmlns atam aucranqged 
0 

about ermw ummiwn stcsan st na a ~ ~ r n -  O-Br rjl:ebn$e ~f 3,12 P.., tkmium 

( 0 )  V a p  2wsoure a? 1Pb3. The dotoxmilatioa of the g p a p  pra 3- 

ewe a? U b  baa barn d i f f f  oult, 'Phrs moagum~to met ?M tbt 3 
e3mtodl %an]pamtu-p~ls whore attack cm apw&tw is serlaus, Further, 

c o ~ ~ p s l t f a  of %be Z ~ ~ i c 1 ~ 6  ~h-8 elwu frcoR a '6i3?tUliUIB: b r a  

ratio af &:3 to vz&uee approachiBg 10,2, The ratlo In the ~ietillate aleo 



pepticularly 8% tcmpssaturea above 9 0 % .  Tho vapor p a a m  of UBrj 

hae been mea~uratl by an eftueion nathod ueiw m o l ~ b b p 1 ~  c a p u l e o  (UCBL 1). 

The data given fw Table I are yrobably the beet emMable for mr9. 

Tis wpm p a ~ s ~ a w e  data nmy be mpreeented by the equation". 

A g a ~  eaturatian (enlseplratiola) methoti has a l e 0  been used, (MP 

B8$;k0:L@y 1) , 1Cu o u p p s e  df e ~ o ~ i ~ t i W A  8 of m3 luid UTBnim 

%a uasQ, 'Ifhe liquid phaee a p ~ ~ ~ ~ ( f  in oampoeft.bon, whemae the 

d.9atilIste c c m e e ~ M  t o  .- UBr9. (Table 2) 

.I. 



I.  

'Pa@ itg~G~m~% Be$wsan the ~ e t e  of wmmmn- Pe poor, aad it 1.. 



~bab1e maetlon wIt3 the oqgen in airo. 

(a) Mator. UcmS-am tribroxaic3.e ci%ees31ves 3x1 weter ( w i t h  Gigmow 
-ll 

evd.r~t.lo.n of' t o  aive s claw; dark md-v'Lolst aroiution, which c-e 

34x1 60lm E n  3-60 8ecmdQ $0 a.3  ear, brlE1S~rr;t maen cbracterietie , ; 

q? TO (XV: noautibm b r k e ~ e y  4) o TIW evolved b.y&oem hns ~san m;pssurea, 

rm& @IE* ewo~m-k c o m ~ p a > ~ i &  w i t h i n  a f e w  j?er ten% to tinat cdcuLePaCh for 

+&a ox%Clntia~ fran the T( LEI) tr- the 'U(IV) &ate (,w Bcxbaley $1, . 

{I)] Othop S~.F 'O~%B.  @la EcmbBag; b,5, F), U m f  un ts%hrab 

lib tWk 18 ~ C l ~ o 8 t  ixmolubl. Pn mn-polar aolvento, For egnpJe, ths 

~ $ ~ c e o l u f  f an of Uap3 %a polw ~ahvanta~ ~ A ~ I A U ~  reeat8  in e x b m l v ~  reac - 
elm. Thus, lniornemi8s,m)rjiaao a clasp-rad eolution*$miob in the 

eowm 0%' several mimttcro Wrm gmm with the evolution af we fr 

zr war &w~p ro9 oolution which in a few r ~ e c d e  turrada, $green wtth e W -  



(cf &g~e%lrm of W r  " (SBO (e) blcy). Calcium naaW mduceo 3 "  

gpw m ~ a ~ t ~ ~ e o r . y  e p ~ g y ,  i m - a ~ e r e n t  bpoelee of umm'~lun m a .  E m-= 

 me^, h 10 90 20 mole pr  O6n.t sdukion in S P B ~ ~  at 7 0 0 ~ ~  can be uaea to 



m W  in mokhao, UBr3. . . An Butectfc is icesnaB wh@n the b~omim'.wmfum 

wtj .o  la& bobreen 2.83 aaQ 2.9 ( c o s ~ s ~ o n & $ ~  to a mole Aao%fon of UBr) 

Tnr (phwa iliagram f oa. (IB3. -UBF, a p t e n  has Been obtained at 
3 

UBFj in solid W40 The etateatic occu~s, at 76 inole per cent (abpg and 



MOL PER CENT URANIUM TETRABROMIDE 
". 

. . 

FIG. 2. URANIUM TRIBROMIDE- URANIUM TETRA- 
. BROMIDE PHASE DIAGRAM. 



STRONTIUM BROMIDE - 
URANIUM TRlBROMlDE SYSTEM , 

STRONTIUM I 'ODIOE - 
URANIUM TRlBROMlDE SYSTEM . 

FlG.3.  PHASE DIAGRAMS OF STRONTIUM BROMIDE - URANIUM TRlBROMlDE AND 

STRONTIUM IODIDE - URANIUM TRIBROMIDE. 



me rancttaa 

(8) 12IBr + 2SiD2--3U312 + 2UQ2 + gW.aI . 3 

h e  heal progoeod t o  arnlalrt thsoe obaoxvatione. Incidentally, thie 

indlcatso the lmdvleability of long-continued heating of in quartg 

cr  gle.8~1 8% elsvnted 'cexqerat~ree, A Sow netaln have been eraatneb fcmr 

ccrrooicn meistamc to UBr ; mIyW.enu13 i e  found bo quits redietant and 
. . 

3 
i a  ~ u p r i o x  t o  o W  nlooe ate01 (&%% I), 

and &edxlcal prropexleiee. ft t e  a l e s s  atablo eubn'ae,  ae evLbaaed 

by a 8maZl.er h e  enor@ of fonaaticn: 

( 9 )  Ub) 3C12(0) -9 K.1 0 P&,J~ - -229. el. 0 k ~ s l / m l e  Wc3 

(10) ulc) + m2(8)4m4(c) A F P I 8  - d90.2$.5 kcal/mole 
1 

Brerprat lvo msthotia for urax~ium te%mbranlt~ e;r?a lea6 rariea thsn for 

urerrivsl. ts'm1~lox*ide. me m l y  known msgsnt a t c h  W O U ~ ~  omv8at the 

t " . ~ ~ ~  ~ x l b e  dIreot2.y t o  tIho Getm.bimlao Pe a n1xturc.e of oarbn and 

SPaarlao ct olomted t9mpa~e.ture. W i l m  earboa t~"Gradaorlde, Hhlah le 

ao uaefizl for the preparation ox" ml4, carbon tgwabrotnlde doea not oome 

lato c ~ l b m t i a  ae a brominating agent, since it ccfipietely deco~~~poses 

at  the hi* te;xperatme required fcr roeotlan. IQdromn k m l d e  does 

not ao1nmi.3 the wmim axidea a t  rr 8ufficientXy hi& rah at say tem- 

perature dospite the fact tihat the thermdymiulc coaditioao are msl.8 

favorable for t h l o  reautian than far the chlorlnution of uranium curitbe 

by hy&c.(len ohlocr ib .  Since tho reaotian (d axiden with carbon and 

bsaa~laa a t  elevated temperaturea 1% dtff ioult  experinrentally, UBr4 m e t  

be pplrrsd from uranium caarpourrdle othor than tha axidea, h bromine 



t e  a riufflctZoatly psepflal brslninatiag amnt t o  cavaz% w m l u m  mtal Md 

~ m n i t r .  tribromldr, as w d l  as mtmi~un carP,id.e, nltzlde G r  sulfide t o  UBr 4" 
b a t  of Iheao macticae he~rra been etutlled at k 3 o .  

2.1 - Pnmratlcn of lk~lumTe*,rebrmiQ, BZnoe both brm.irrs aPd 

Wrlb aro carsosi.8ts at elevated tsmperaturae, p ~ o p l s a t l o i n u  ~ l ? e  ueually 

owr ie3  rmt in glace or qr~ortz. Rlebk @+nd @d w e  fair ly  x~~elatant, 

bxt (~tairLe~~18 gteel, m o m 1  and aopper arc mmtis,l'a.utory (MP Amse 6), 

(p.j gT+,C 4 Bre. As msn%imei! n b m  tble l a  the orlglnel, but 

p-aoQjce3ly intlervonloot pstkod Pa? th0 p.wym.%ion of UBrb. It m e  f i r s t  

empl~yoii by Hormena (1861) and followed i n  pt%>u;tss br al l  rtubequernt 

wcrbxw un5U very recenUg [~lnzmmmm, 18821, The effortrr of A, C o l a n l  

( 1 ~ 7 )  to 1rnisl.m tha parocsdtuoe, were muoceeef&, (He also mdlo the 

:31aim tb.t Wtiroen inomtae oavert m14 to mk at 5 9 0 ~ ~  is 

dmbtP.~l,, 1 Ruparatiori an8 p r i f l c a t i m  of CTX;rj, BJ ths carban-brcmlna 

xwiotton txm ~ ~ ~ E C I U B B O ~  In ~0;28id~mbbe c'..otall by 2. W. Bioh- (1902) 

end 0. ~k~rnigldma (1r.5) ~o uaaa t h o  pui f i ed  U Q ~ ~  im atomic v e t a t  

aetesmimt I C ~ .  

The ~ecut ion lo carried out by m x l q  UO, or 9% with exoe3s carbon 

an& tzmting thid mirturo with bromine a% brigbi; r e d  heat. The B M n e  

1e best m i o d  in an Inert 6Ueh a8 P~%~o@@u' C02a me U8Tq C013- 

bmes In the aooler portions of the appmtue, 

(b) Vrmtum M e t a l  Rnd Bromine (~irmwnann~ 1882; HP Anea 13; - 
3PShi~~313o 5), Thie reaatim i e  very suitable for tha praparatiocn of 

UBrq. Branlm (aarrled in  helium g a )  acte anootlily with uranl~lm mstal 

turniw at 650'~. The operatIan l a  carried o u t  tn a quarts apparatu~ 

which pemlte dietillation of tbe pp.o8uct ma it fame. Tho appsratue 



FIG.4. APPARATUS FOR THE PREPARATION OF ANHYDROUS URANIUM 
TETRABROMIDE. 

A. QUARTZ REACTION FLASK CONTAINING URANIUM TRlBROMlDE OR URANIUM 
METAL. 

B. LITER QUARTZ FLASK USED AS CONDENSING CHAMBER 
C. ALUMINUM FOIL REFLECTOR USED FOR INSULATION 
0. RESISTANCE FURNACE 
E. LITER PYREX FLASK USED AS COLLECTOR 
F. QUARTZ TO PYREX JOINT SEALED WITH APIEZON W 

G. RUBBER TUBING 
H. STOPCOCK 
I. STOPCOCK 
J. SULFURIC ACID BUBBLER AND TRAP 
K. BROMINE RESERVOIR 
L. STANDARD TAPER JOINT 
M. GAS INLET 
N. OUTLET TO HOOD 
0. OPENING WHICH OCCASIONALLY PLUGS UP 
P. GLASS WOOL PLUG TO RETAIN FINE PRODUCT 
Q. REMOVABLE END FOR OBSERVATION 
R. QUARTZ TO PYREX SEAL 



be effected by lntamdiorg f o ~ n n b l a n  of uraniun hydrLBez 

(1 1 u + ,3/e a2 --, q3 , 

Tliio fa not pte eatlafact- a@ the Bireoe C O J I V Q F L I P ~  of the m a U ,  The 

reactfon l e  m x s  diff icult  to cmt~o%, and laoal. hot s p t e  are a@ t o  

form &I-;& e-mntually d o g  tihe sppamtuo. 

{a) miurn Mbrcsdde am3 B r a i n ,  (m ~mts 2,4,10,14,15,16). 

mie resoti& le exwllent im pre- W,4: 

43-21 Soo% 2UDr . .o Br2 ' -.+ mrq 
/ 

The bPczdxm in ctarrle8 by a @tram 08 nitrogen i[rlgorouely purlfled aoor 

zopgiar mi& at &OC, aecarib, anlqdrogu, &, finalily, ummilim nitrid3 

at 600% ). ~o reacttan p~woe~e m t h l y  nt; %O%, but the apparatue 

mquirea oocnoiourtl ehAMng t o  provent pcklng an8 &amal.lng. Below 

200% maotia  ie ino4npleb- The reactlcn can be M e d  out wlthout 

6list'iUntPo.n of' tha UBq, which mrry be aBtrantageoue In same aaeres. 

(9) l h n l u m  W i t r i b  GUrd Bromice (MP Amse 17). Eeeentfally, this 

p ~ ~ o o o o c ~ ~  very emoothlg &we 600%~ It ie sonventant to carry the bromin- 

In a e- of purlfie4 nitrogen, 

(f) -mlm Cerblds an4 Brcnntns (MI? h e  18-20). Tho raectlan of 

br-e w i t h  uspnlug~ mb"l prcrpibe mane for o m r e i o n  of' uranium 



."ki$- 

oxiae to t0traP:romPds: 

(I'c) . , ua* + C 3: lx2 + C02 

(15 1 w 2 a =r2.-, 9 + 2~ 

%he ssecWm of brnmino on a;ho m r B i b  $.e m.ptd at 8 0 0 O ~  The hf @ t s m -  

pxature m q ~ t x v d  UO,, + c a Br2) is a aerioue ditie.dvan~iaeg bomuee - 
C& a t 3  i;lffiaul..t cora oeion camlltiom cxeat;ea. hother 6nraw'~ck $0 that 

UOEB of the fltraly-d%vibll carBon prcdve3d i e  o&eB rtllcxlg by Caa @e 

P?eaatf cm with bran%ne seem at re;m t o m - - ~ a t a m ;  QdFt'ogea broailQ re- 

qulm8 &'owwkmt kl&er tempm&ms, The (~lulPu? kmi.6.e am b die t i l l ed  

~ 3&4 a* w%. 2lmoe reacttam do not haw m c l  prasttaa3 eilp8fftcanoe 

d e n %  m ~ e )  ase emwestd to maUi&ea by tssatumnt carban dle- 

td ?::s @levate& tempratwee. Vlth wan1tlm orride the reaction pro- 

caobep ~ Q F J ~ . P Q F ~ *  t o  @.ve a mlxe3 wxmium(W) mysu3lfib (See Chapter 11)". 

900% (18 1 m2 * LCSl -3 Ug02~h * 4C= 

mer,  decomlposee at 6004: via formation of UBrq. me sesibue ~ c p  th i e  



If' 2 2 ~  reaction ie'conpleteb at 800'~~ tbe net rasult will be the em- 

verr9dcm of fbme m h e ~  of U02 to %wo mPea of UF,r40 The meiawl mole 

(%I 3-9 of Preparative Wth&. The foblcwlng table euxfmraPites 

Rea6tf.m Reactants Tern m t m  C a ~ l e r  ProdLuct;e (6 Wo. (+ B m d a ~ )  &e (+ tm+9 



(4 )  aep.raticn of VEr4 frm Solution. Sfnce aqueout3 oolutbons of 
4 - 7  

UBrb m,y bs madi3.~. prepared, attempt8 have besn m i b  to prepare anhy- . 

&ou8 UBr4 from ,them, Solutlone ot. U B q  can b3 mde by raducing -wanyl 

brcmldo electrochemically, or chemically by reducing ngente euch ae 

*axnium nstal, or bg d i e e o l v ~  hpbatsd u:cenium(IY) hydroxide In  hydro- 

btcznic acid, It hae besn found that etch eoPutla4e c k o t  b ilehydmted 

wifAout very corleldu,re,ble hydroly~ie. In thio seapc t  aqueo-ae solutime 

sf URr4 reeem31e those of lEl4 wlth the 8iffez.eace that hy&o.lysi.o ocoure 

even  me readily in the cetje of -4. ~ d . ? P d . ~ e l ~  can. -take place even 

in  a 0tmcrun of Qibogen brcmtide, whioh %a not a~rpriefng when it fe  re- 

oa l loa  that hyJ,rugen bromi&3 1s incapable of convert lq~ U02 t o  UAh.4, 

Com*,brsb1e orldatlon oocwe, when 'Ulh-4 ao3.utima are canoentratad under 

~e&a%x?. p s n u + o  b o a  st room temp5?atme or a% 1809: even ln an hydrogen 

bra%& stmon@~ere (MP Amee 22). It bee beon reported that abTq 1s f m m d  

on. @~otochem%cal reductlan of a solution of U03 in alochollc hydrogen 

~ ~ c n n t ~ a ,  but thia repkres r e r i f i o c ~ o o  (Alcy, 1 ~ ) .  

(k) FurZficatian of UBr4. (HP W e  6,15,23; Prince%m 1: rJ~cfv,!:l.m 

te%rebraulCie i a  beet purlf1od by mcuun diet",htlarn or e u b b ~ t i a n  in a 

streem.. of lmrt -6 sontalnlng a -1 amount of bromixls . Highly purlf led 

nltrogon orr hslLum w e  suitable carrier gases, 

proprtles of UBr4 have not been bveetigatsd tie eysbmatlcally aer those 



-17 - 
of XIq, ?nB tho infmmtPa avall~.ble l e  raWlor frappentary. 

(a  ) *e.t,iw A%lnt (I@ Amed l7,Zb; KRL 5 ) . The meltlng p i n t  of 

Uh4 ~ F L B  hen deb, minod at Amos to be 519 + 2%. A value of 516% vae 

obtained from t hi3rmsl analpa 9-0 (UCRL 4 ) .  

(b) Boiling Po.Lnt (MB Amee 17 ,a), Mreot me~eulp8msnt yields a 

&ue OF 765q for the bof.11~ point ( w i t h  decanyoeltian) undsr 710 nrm Hg 

p ~ e e m .  Extragolation frcrcl vapar prossure date (tranepiratim msthod) 

g i n s  a wACte ui' 761% a t  760 mm Q which io In imtisfactmy agreemonte 

( c )  hauLtg. The olbr value8 ( R i c h a r b ,  1902) for the dlgnel%y 

ase poba- In error. A dimat deterdnatim, u a b g  benzene -3 xyleno 

ae tha p~sn-tet  f ~ u i d a ,  a value af 5 . 3  &o at 26% (33 lo), 

There fe  no x-re7 crysWlographio data frm uph'rch ths denrlty of U%r4 

em be wl@dia&ii. Zhe vapm atPnraity detemheb by C. Zlmaermann (1882) 

sefiwrti the, r;spos to  exlet a& a nollatamio p s .  

(ci! ~-~ra~mm. me vapor p3eswe of -rk ha. beon atudlsd 

by a m d 1 3 ~ d a r  offuaiun technique and by a tmnapi..mtiar metho&. S l n m  

dlifiorent temperature ranges were oxplamd, th roaul ta  ca;mot bo readily 

oompred mcept fox one point (bg0'%) vhers tlae agreensnt ie aatt6factolt.y~ 

The moult8 ol?tainod by the e f f u r i ~ ~  method are glren in  Table 4. 

'Plhe rseults of the vnpm _gm~ew?e detormiaattar, by the transpiration 

mthd are glven in  'Esble 3 (W Amos 1 1. Frm these dgta the f ollawing 



I - TFb.- -*.,A v.,. ,>Z.L.-aw - &-.,.,d..*--a.3&=., ,,=..-&.-.T.--.. -. --*r.-- -.-.*.-.---- -- 
Bin* ARlscl 175, 



&%s'. Ths ~secaril set .of data appw ho Be m.6~0 mliable ehae ob- 

s &h m e &  m.md $zeQm- 

e p i m ~ , t a u a m a ~ ~  rnpm p ~ s w e  bta t e  aere~~& prohb~r  -maw a o m e e .  

( 1  !@~IQ~PE~OQ"&@B%~ %&o h@f3$ O f  @C&U%'POZ~ Of -4 . . .  %2.=bI? 

. MATI B~en  i to ~e - 3 3 . ~ 2  0.1 k & B d ~ .  RV a@i=%ia . 
i ' 

, &~gsg~o@ah &$a ths heat if' faiw&ifrn, of IJB.Y~ a be a c U b b  (k 2): 

(10') - 2 ~ ~ )  
E b ( o )  .. A $ % .  - ' - z?u0~ 2 0.6 b ~ a I & 3 ~ a  

. , 

. . 
' b ~  b0011h aeee-a a zs=t+w~ .b00~-325~c ne eae IEZZ (,+..). 

(ZB~ICB 61, The mora m~e@n%. mml.$~ of 'hgcvry WQ p ~ o b b l y  meiee 

As~l-w a d m  of. A C for. reerctlm (26) a!? -7.59 a% 900%, go i a  
P -1 : 

f-ii to .  b~ 19.913 iscd/m~e. B e  h h t a  in %$@a@ 6 leads to : .- 

,0S298 = 23.96 emu. fap the sema qt&a%iol. 

' , 2.3 & e d c d ~ m a n i u m m & - d b .  . . Vssndum b%m&Wo- 

&&a is a 'cbys&CLLins rnb~taxim u%~icB sesie., 8 8  e02m &om I$&% & t o  



ekaMtO0.0r'Lobro pwpri;iue 02 UfSB) e c l u i l  m?rs. The colv.*,ion is -bdlJ hy:-r~4yz&. 

The t>ohaBfnn' of UBr4 in a -8% nmibr of organic edivente htw been 

etudiod, Won-polar e~lvente reu& aa n-heptem, bsnzem, tolueneJ pasylamb 

bromohnzanrer, tetmlfn and -ban te4zaoh4.m.OBb rrusl#er diaoolvs ummlum 

tetrabxmide nor react w l t h  It. Elon-pd.ar l h r ~ i o  1iquiBe eueh as 
b 
I PC%, BCCl , W2 Or2 an(LnCl.4 lilb~flw fail to Qiesolve UBr4 at k m ~ r a t u r e a  

v 
3 

11 up to 70'~. On the other hand, uranium tetmbrcmlds l e  ooluble in polar 
" 

, mtam01, a-01, phmol aad E U A % ~ ~ , I ~ ,  mmt mt-h W3r4 to e w l w  hyd;rogan 

bromide. RUar aolvonte w i t h  cuidieing px?op3,".;ttes, nltrobeaene, nitro- 

metham cv benmlfiohyds far emma@, cmvert -& t o  -1 b r a d s o  

SaZvente containing a basic Wgen gcouplng euch ae dfcmum, acetme,dIi tbyl 

ether, ethyl acewte ma my1 amtate r(saot w l t h  UBr4 t o  f a r r a ~  stable solmtee 



Rm '&ieh m o t  ba ~ o s i u  ps~naraegd.  m s a  ~t ter a..:-:+ions 

cars p e n  by mfleeted, red by &rmml.tbil B9@L, C a r b q l  aantaPn- 

ing ompouncPa a m  mch beP,Q;er eolvente %baa thoue w i t l a  cmly an ether 

Wmium A~ttmbrcmiae l e  imcikuUe Pn li~utb ammir% hut %cmm iw- 

s9ohble mmmia%edl. s a l t @ .  Other am%ms, k ,e,, antlfna, bu%yl d m ,  

trfshtl ~lixixm~ atethyl aniltnvs and ppl.lbfrm sea;keely diesolve WBrk but 

do % o m  tnao2uble adaPtPm la,Ua.uot~, Foglwatidb diaaecilws Uh=4 wit& the 

evolu$%csaa a? comfdeirab2e heat, 'iZfca ftxm?m%de oolution appears stable 

at room $43~m%uxx0 bu% at t e ~ m 6 ~ ~ 1  above 2 0 %  acme memtllem mcwe 

slar evlbxlesd Br the fmmticsn cxf a pcPpl&~te, J m S w n  fetrabf~~afde 

is very sdub.h ia molten acetaaib (50 g lBrl&OO cc acetamlde). The 

edutitxi apparcra $0 be prt'ectu ebb l s  ct 145% for ewe& b a r s ,  and 
18 BMenttaU 1n ealor sllsa ab~cqtfem epctxvm w i t h  the, iarmzmib sol- 

ution. 8cmi gvapj,Lf%a.ti%va &- cm the soIubllf$S of in m;rlcme 

eolvexhtm B~PO ewmrmi~ea in !hblee 7 and 8, 

The saaTabfldt3 cf IBrb In mQ1- a a l t ~  also bsoe deter- 

-mirab. At 900% e ten pcr cent W5r4 solution in -2 oan ba pkpareb. 

IJkax-tem tetamB%gHb fe  &LBO soluble t o  %n mkxmm extent in s molten 

ml -El cn8r%we at 725% (bP Barbley lo), 

(b) Orl&tloaa Rwmtians. Qcygpxt oonverto to U09r2., C h l d n e  

o ~ m p t e  UBr4 to UC14. Bromine (liquid) doe8 not react HtPl lBr4 emn 

at 230% ( Z i ~ , p n r u m ,  1882). No (oxIBggce im the formattun of tE3q or 

hZ@w bs03Ebdee i s  found when UBr4 16 dilrtilled with bromlns r a p  at 750%. . 





amtmif&~ end e-1 elcob&, bmrmer, ( Y e p e l t s  aBtafmb (on plae-. 

mthodes) ~h,hic$ hem bcen olaimb %o 83 maI:%c ummlum. The ibn%iflo#- 

tion cb Ule d.epoeit aas rm tha baaia of i.La ineolubllity 1m water sBd 



in ccmp@.iCPcm from ~Ek3.5EE3 to .UE~4.688~.  Tpi hena-%i%b3 I s  white 

w i t h  I pe3~kh tinge (MP Bcrlosleg 9). 

It h a  been mptxtad (Uoy, 1899) %at v3i%rh ~.a?por reot;s ~ f l i b  aLkaIi. 



B(Rg,bsl%das in being themally mseable, ~:emll tat u p a n i u i l  tetra- . , . . 

pepatme (at aa$mooplzsr8e p l ~ e a a m ) ,  whflla mm%m tetmhom.lba undergoes 

7 0 0 - 8 ~ ~ 6 ,  ITmmirn 'tstrahdide, an the, othela hand, so xnciadi& deoa- 

poses t o  WI3,. md I that even at. compmtlvaQ 1m temyeratmrs , it is 
2 

mder to how wh%& of' the twanim iodides m i l l  be etabbs, 

The onQv.wan8una fodgde ment%or~ed in the sMor literature wacs 

observation of Xoiasnn (1836) , treated at 5 5 0 ' ~ ,  



on=wcC&t:lle, which ara cherac-krist2.c~ oi' ilI 19ther than UXbo 3 

'3~~niimi.cafbi,?a appcrz  to  reac-2, wit& 3.r3dl.frjlo0 but f% h%a ncot Txmn -.-.--- 
pmsrfb1e %o obtah p s  pxacducts thfs war {W Araen 27); t~owever, more 

An ~mwI~ .L iarn  of the pertinent th~rtri~rfpmmfz data. indicate8 t ha t  the 

S b 5  or BP]: hnve not Mthefio been si;ecosoful, c3eespfts %I& 
3 

ladide, but %he? pr&twt is heavily con~m8mted wRkh ch:Lorid@a [~u,&mP, 

able aao'm~t,s o f  free i d t n e  were obfahed sftw tho se,~oml of ths  

aslvent (Stn~dtna~, 18'79), Recently, * h i s  VOBO~C was repeated at %no 

ed c ~ l t h e ~  w a c m  or fn a styeaan of hydn1c3gen and hy&ogen iodide, and 

the p~oducets amwed between Ur H = 2 ,YO t o  2 ,'13, Ih v%ew of. the diff i- 



culties experisneed in dehy8rathg ~o lut fons  of the othe~ u(N) halides 

(cf. po )o it 1s not s ~ ~ p r f  sing that, ecmpounds o f  sueh lo-TI iodine con- 

-. Tae most aatlt~faet3n"~v method far Lha popmt8.0,r 5f' both iodliclelr m- 

maims 211e direct ~om19~~~hation of %he elomentau Fo? the prepamtii~n of 

. . !U13, %ha e%alchimetrfc quantity ~f h d f ~ t ?  is s10wu distil . . led a t a  an 
- .  

exmew,%od f h a k  containhg finely dividwd uranium at 3 5 0 ~ ~ ~  When a l l  of 

$he ldfme 11~s b e n  abso~bed, the  wet-fen veasel is sealed off and heat- 

ed, P b s t  at 1 3 0 ~ ~  for several hours, and then nt 570'~ for U to 20 

Boure. The ~ ~ c d u c t  is w e t i c a l l y  pure OX3 with very litth U I L  !LP 
BarkeLe;r 11). The same procedure m y  ba used t o  prepare U14, but in 

Lhfs case it is well to attach to the s$-stam an iodine resemoixa a s  

that, the p a r t i d  pressme of i d i n @  my be m:Lntained close to  one at- 

mosphere during the entire eourae of the  rsacSfon, 

The reaction m y  ~ l s o  be carried out in er :i"dow smtew, which Is 

pmfernl~le nlen large qwntitfes are t o  be prepared, Ffgure 5 ahms 

the appm.tur3 wed at E R L .  A Pz~ri%ontal reactor is empLoyed which IS 

comiectcd t o  M vacuum lineo rea;sxv03~~ of fsdlne is attached t o  the 

raactor 9nlelt, and iodfne vapor i n  pumped thrpough met~PBfc m L u m  

hea?;ed to 525%. The eoPleetor is sepmbd fram the rsactor br a 
0 

sintered glass d isc  and is maintained at tOO C, f i e  desired part581 

p m a s m ~  of the iodine is ~ b t a b e d  by fmmeraiorn of the iodine reservoin° 

Pa B b t h  of 3Cl0cO The reaetfon is a h ,  but good eonversion yield is 

obtainad -... and t l r  p d m t  is 58-99 per cent pure U 3  ( ~ R L  8 ) ,  

To prepwe UI1 the same sylsten! m y  be empI.owd, The oqly diffep- 
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I 

from be%r~g.ci ~p&wed $0 the right, .:; preaawa of  108=200 m Hg [f.,e, an 

Zedwe reeamroh :iourpc?~tP1Pe Of UO"-UO~C 1 ~ E S  adsqu~te f osr '$hie purpose , 

aomc'tion %s the w-cum lhs %o m d ~  %h~ougk a apiUp3r tealbbg, The 

. ~ c T ~ . T  ! : P ~ P D ~ ~ A + , ~ I P B  eautietm LB 30a0c0 %a@ i a b e  pressma in 

%he sya- mumcast mat be aUm;eil $o drop a m t f l  %be csUeebr tube 1s cold, 

331 p r e U M , q  wsrls 03 thfs method ~ 1 [ '  ~ p @ . m t % o r i ,  the porlt~cte ob- 

t l h e d  w5an i c d h  aw paasod o v e ~  mw1t1im melnl at 5~4530'~ nsre de- 

p o a i t a ~  on asl$autms p o s s e s ~ a g  a them31 gmciimt, n~ eolleetor via 

%Bea cut h9to st3otiom ngld the cmpasition of Q k i ~  s u b l 9 ~ h  debesndned 

agl a fimet2c.m the ~ t ~ ~ p e m e ~ n ~  02 %he mmfaca ( E R L  99) (~eb3-s' 9 )  

"r%e ~ e ~ ~ l t a  indlaite the optkm~ condene&%on ranges fm U% and Ulf4, 
3 .  



A s a t i o f a e t o ~  procedme for ''03),, p~ep.mtj.on is .%&~PBu%%oD of U31 
4° 

l i~-~wfwn F~ygclide nBtb n~ethxh iodllide e% ;275"-300~~. fils rsaotfon 1s rapid 
<-- . - 

and yields D13, but no Wonmtion ~ . n  ehs p~mit ,~  sf the ;pl"odue% is amill- 

able QW Aaes 28), 

(a) ~ % & g ~ d ~ I n ~ ~  (W 1krlcel;sy 13), The 1neXLi.g point 

rJE UI, hns been aat3n~ted as 680'~. The ms3.%.ting pain". of OI 1s 505% 3 I+ 

9a.rmfi:a ia&stmiad.%ds art°@ both bhlck, sze&.e-l:Ike ~qwtaUllm subsQmaes, 

Urairm t~tf.od%de, &I o~tho-a~ho&fo with S'QW aslcculcaa per P W P ~  ce.918 





031- 

(0  ~ h , e h e m @ a b  Data QERL 3 1, The :?o3,jlcwhg hea$s and f ree 

energy of fmmation 07 'nX3 nlrl UI kgve h e m  detnnnined at the ~~CTLLI 4 

1130)) ' 3h --t"~(s)a "B2% = -U609 OoB kle~.&hob 

(31 1 Bb 1 -b 212(g) - "IL(eQ~ = -3,56,3T ? 0,6 ka.&/mob 
A B 2 9 ~  , 

': entropies of UI 3(u) and Ur BP~BTO bemi etstirated 50 ba S = 
2% 

59,,5 e .uY (01 ) md 3 ,.,,8 = 68.0 e .u. (WI~) .  This give8 for h e  fme 3 # . /  

~ r a ~ ~ g i e a  a A P ; ~ '  = -923 2 9 1.5 kca1/ms89.~ SQP UI[ and == -1.36?2 3 
6, lo 5 kea1/mol(3 for UI 

bC 

:.~dl& Pcnm a beautiful dark-red so2.utirgi; UI scLk&lons b v o  tae char- 
4 

Yreshf:g ' p ~ ~ p ~ e c l  %he 9cubshnek reaee~ qukte, vSdlenkQ with wstar (or 

oven ~moiat; air) giving dense alauds sf l od iw ,  Prelbilb".ry laetu4;ing to 

chemicxUy, met3XLfo ~~anfvla befng prduasd 'by elee6~°o@aia of a so2.u- 

denm m,%bsdle a n  be erged; the bath :.a m b k i w s d  e a t  $ & ( z 0 ~ ,  

~7tfdatio~i of Tsiifdeq U w i w n  trilod2de Be ~ d e r a t ~ l y  ~ta.9,16? 888 
.-i..?A,.*--.--m.-&.O 

as id ,  txxygen-fms ~oku$fsns, %ta t  is ~ ~ p f d & y  o~idiaed in'aIbkahhe ao199tfom 
- - 



(?@ Chiago 9,10), Ghlmbe opwo%s with UP at r a m  bqemtme w i t h  
-4 

svslu%fm of'heat, Qqgen or drpr afr convefis UH and OX to Ti O 
3 4 3 8  . 

09 htemcd%xifeas such/ UOf PLas been suspected fn the latter ~eeo%foea 
2 

an agu%3.ikPm d s t s  between. UI BX aad X2. The dissooiatlon p.reb8wea 
4%. 



1 .  - Thome daka way be wed to w;Ledlate tho prb%al p r e s m  ,qi' f d h e  re- 

I quirsd t43 preps6 eit;hnr U 3  OF UI by the reaction of uranfm pad iodine, 
4. 

Tbe ~>ktanml de~oqositLon sf m n 3 m  te.LmIodide P " M s  praet%aaP 

appl?.rsatloa in the "hot-aires' mathod for ~ r e p x i n g  -maaaium met~5b ( E R E  . . 
. .- 

12 ) , Th9 px'oceae deps&.h; on the t h e m l  df.ssscfation of UI at sufff - 
4% 

~tab>.e wi t t . .  r e ~ p ~ c t  to its elements at tempsz~itu-es aver UW%., A 
Cle- 

d3PZS.s~"; i~s introdused by thdawosi t ion  of' MI to I and tlis nm- 
4 2 

wola9;flle tYZ [aocording to qmtf 011 281, 2390 am- of gaseo1w isdhe 
3 

pre@~n% ba PB8I37 OWMU eon4xolled t o  achieve a favorable rebtion 

betwaon %be desired ~eacCfan (31) aad t h e  mdeuh%bb &3eaetlon (a 1, 

~ o r t ~ o s i v o  aubstame; glass OF pmcn3-ah are &%tacked with the f o ~ a t i o n  
0 

of af.%%con a% 800 C, Of %he wtahp nickel and g i h m r  are mope ipesbtan% 

am suuil that In any particular n q o u n d  it fs possible to kep3.8c:a some 



8tabt:llt.g. ax~d Beb~ple I l k e  t-rua coynwids, Siar c b a s e ~  cora%txin$.ag ef@tea 

2.ndivicKP&B a o ~ & p m d s  02' %he type W2(; I' (X and Y being two dff'fa:ren% 
n &dn 

hlImogena> ea? c r i a l ,  A% l eas t  one cumpound of ench ckrss haha. keen pre- 

;+%t?ed; a ~ml~a;.~ sf %rivalsat mixed he.'t%d..ss a m  aXao horn, 

The rne.,8;110r?~, of p m g n ~ ~ . t % m ~  o f  these aompowda can not b based 'an 

disg3scswe~t o? on@ I ,~alog~n atom hy anot,her, s h c e  smh roeaotfons fail t o  

(a) ?he treatmen% of a trivalent rn-~ni~sm halido with an halogen of hfgher 

a$cmia n-tm3erp, and &)the  reast5Lon ~f t.vo dfffert.mt Ccetrabkides at 

high %;er~e1*a.bup.ss. The mfxed ~(111) b l l d e s  t e a  k~ prepred (a 1 by 

.thamia41 ctseompasitic~rz of mixed U(D) haliders , (b ) by hwogen redmtf on 

ol mixed U ~ I V )  C O E P O T ~ ~ ~  and (c) by fusion of' tno trivnlent halkdes, 

S7a'b:te B2 l:?uta 811, of the mixed b%ide3 IrPaow~ci at present, Theik 

p~ep.rat:i_osz and most of the f z° proper ties w i l l  be dioeussed bdfvi698~11Jt 

I sake cjf eomc)nfance t3s vapm pmsnurces smd th?~ms%lhemi<raP data o f  all 
I Tom 

rdx'ed heLidsa wfL1 bn p r e n t s d  together in revhri/ ?,:a sectf ons &,6 and 4.7. 
I 

',.%a a:a& e-%eaaj.ve research in 3hfs field Mas been camfLec3 out at 

A nawr .. 3 by (;~ego~"g in 'B81lm(3 3 1  B ~shaa'ld be consulted, 
' 

I 



( 500 - :Evolves 42 'ct 2 5 0 ~ ~ .  Lei; 
stable t h a w  B13Cl 

( SO0 Eppolwem I:, ah, 300OQPrn 



(kmpcnmi fiiethtd 62 % - ? a  sapo s%t,bn?.it.y Tampera / b F ~ u  /W!zw PP=.$ 
~ ~ = a m . t ; i ~ n  ( C C ~  ( ~ 1  9% wbioh c~a$cle  [kea t/mola (6. .i 

v ,P ,=lo=?- 
- ("c 3 -- Y 

-- -. ..- - .--.T- 

?.el, 2m5 + m3 03OfJj Stable (708) 1 7 0 2 1  =202.2 Q . 6  
[TGS > c~72-~?1,5 - ~ 9 a , 9  S$a'ola m2cr mgl- r ii2 (79) . . . - 

azcp2 ~ l c ~ ~ r n ~ - - - -  
UrC% + *12 (750) SeS3l.a (700 I 

UZ2C1 nC13 + 2U13 (725 ) Stablu (700 1 

VIEW2 1 I7001 S+table ?7m; 
+ 3x2 

ux2~r ~1~5ir --3 (690 1 s A ~ > l e  (799 3 
u x p  + -4% 



' A t  315@cB t h e  reaction f e alow and may hew$ am reqtrfred for its some 

- pletlon, TFeabcmt of IF3 w i e h  BC1 does not give any UCIFg. I .  . . 1 ! 

stable alul g f  vos off no chlorine when heated 2x1 wgcn t o  LOO% ., It I., I 
I 

~DWQVQP nc,n-volati le , , 

preprddt ( TEC - CE3? 1, 2 1 by the reaationl: 

- .. 0 3  1 w s 2  + zccl,--:wcy, + macx, - c GI2 

. The ~esc%Sloa m y  Bs effected ef*qbsr .h tho Bicguid phdas vrmdtsr ~wessme 
I .  

at 1.30% QP in the mpor pbse  at 450%" of aeae  the vapor Y , P , E ~ ~  re- 

action f e  ~ a ? e  oonveni~nt~ Kt i s  htsree%bg te note that the llqrefj 

lphll~6 ~ 6 ? 2 ~ 6 $ f  OW ~ F O ~ U O B ~  I B K B ~  ~Q~~ 0% @aY)aCXl '~@%'F~!BB~OX,E'%~G-SO~&~~~ 

'.ao% ae yat been defh1QeI.y Identified, lE1222 cli~~solw~ee in w..teit= to give 
. . 

' 

ohloride and flomfde f o m  M i e a t i n g  that tha uompomd is not a u s o b i -  

' . cil' rnirtame qf  U C I  end. I ~ P  
4 4: 

s ' b e a  W %re fmasltib3.e An waken-. i.li;i hea%- 
4 

'PBe 11C14 am be remmeof by vacuum disti l lation (TDC -CEW 1, 2 ) .  Tbe 

Sevaral attempts (W Arne 33.; 03CRK 2.4) have been ~ a d e  t o  prepre 

UCw2 by 'the reaction t '.. 



d ~ l ~ ,  peo'IpabQ beeawe of the h i g h e ~  t smpcrn t t rne  used, ' 
- 

be p ~ e p r e d  h %he mme BS~!JT agi the csrrespondfong eMmSaae ee)mpot.?ml: 

Thwp 'b-pornbe vapor m y  ba, cximfod in et strew el' helium mar 9 at 
250%., 9stxal.Q ~ ~ Q E I  of lBrF3 and IF3 tesul-t ~ ~ d L e a e  %he reaa-don 

f e  oon%inwd fm very long pe~ icda ,  2 % ~  aontpopmd lEf181p3 b e-txiblo h 

. . hel im~ ~350%; h~-&ogen at 20CI0-&0OQ6 slowly aaducer: it to lF3, 

(dl Wanim idcmo%cd~P,kif9.~orfde --=----I U P 3  (W ?me8 311, i d h e  vapor 

(carr2eii Ln l ~Zilm) resots at 180% w i t h  1F4 t o  g f e  n:W,ures raf W3 

nnd IIYF3, Tho mi&- f s brwmbb=bhck in color, hye~ragcopie, and 

h e n  stw3.8ed in mom de%afl t'haaa a U  %he mhed I?aXides of' manfm, Da%a 

axJ@ n& a~aila.bEe cri the vapor preaumys, heats b f  f o ~ m ~ ~ t i ~ n ,  &d crystal 
. 



11 

, .  ob~mia$ry of some of the. aembers of thf s group, Their f d e ~ % f  $3 hm 

bean WBU esa%ablfal2ed, but mope &ene$.ve x-ray dab aseuld be doaMbPe, 

me r~~otion is carpred out by heating W 4  in.a cloeed sys%&m ta 5009: - - 

e%x3angxy dependent on $he p r t i b L  p6811we 09 bfomineg 'the h i t t e ~  88 

mbtainsd 8% fts q~ii%lbaep;an w3.m m r  ilqu.%d bromine, at r o o m  tan= 

A n m b ~  of &her method8 have 6~2.80 been explbored, F a i ~ l y  good 

reeults can be obtained by fusion of and O C X L :  

BOVQBB~R, %he produet of eublimt%on ~on$tiriw 88 mah as 20 per cent 

lEPI,. 'I%@ name type of r6noticn hns b o a  agplisd to UC1 and 9 s .  , 3 

Remotion ooeurs at 550oC, but appmntly aa cquilfbrim i~ es'tabli~hed; 

%ha product obtained by eublimfrmg the rsae~ion p~oduet is a la8xtu.re of 

?BoCtl a d  mh. ThSs reaction is the~?efae &suitable for the pre- 
' 

3 
partition of pure U U r C 5 ,  

AAa6bther' approach vdhfch haa been partially explored is the ds- 



composition of cmp4.e~ ooqounds of UCIL aa6 M a e ,  On heating ME& 
. . 

and U C i  t o  500%~ a o q o l a r d ,  ppcbob3.i M2UC14Fk2 is fowed. Sub- , &  

1 h h g e  -this ~ o m p o l ~ d  in pacraum give8 e m i x t u r e  & W14 (25 per cent) and 

D W l j  (75 per cent). m e n  NaaP and 0C1 a m  fused at 7000C rrnd sub  4 
binad i%? fpacutam, a rnfxture of 93 per cent UBpCb a d  27 per eenk a 
V&,C% 43 obla%ned. T h e  foUcning rea~t$oau, are po~tulrrted to  e x p h b  

k 

The aompomd Na2UBrm,C% win be pepred fn. sfmfla~ fashion, but $Pile- 

enQ,r a at;rtwe of DBr3Cl and lBr2?Gb on sublimation. 

re~amhfes ElA fB moat respets, It d.i;:~aIglcse ~ e a d w  fn water So give 

of 11.6 keal/hebbe, Treatment w i t h  ' m o g m  at 4c~)~-500% results fn %he 

fornation of approxLaate3y 70 mh -per aext UBrC% a& 30 mole per - . . 

oemt [rC$ Tho t h e m m l c e  of th i s  oqUlllbrIm 10 diacwged belowo 

-without. deompseftion, 1% is stable %n dry akr, but f t  reacts very 

read2.U with' water vqor to form ccqyha%iclepi, 



A prsllxinary examination of %be crystal stmttw of U B S l  has 
3 

Baen made (I@ h e  (9, 32 1, Inat urg srtw.tel;g the work wae cOnjCfned to  

prep am ti on^ o f  rather indefinite composition. lBrC1 apperentu 
3 

pmseeses R tetragonal structure very a4%nilar t o  El with al = 
0 'a 48 

8.43L A, a3 = 7.690 1 a d  a a t  o e l l  illghtly larger than pure U C ~ ~ ,  

The pattern ~uggests that the mhed halide l a  not truly body-centered. 

a d  t b t  tho replacement of chlorine i n  tiha latQ;iee io not m..ndon, 

b bout, prepared by m i o n  (at 5 9 0 ~ ~ )  of an quSrnokr mixture cf [ICL 

apd in n quartz tube for nbout t h e  6ags, The reaction is m i e d  

out Ln an atmoaphem of helium, and on oornpletion of %he heat¶mg ngpsiod 

irto~l' i t  t9.u-eequartsrs of the charge is uauallg, found t~ have eub13msde 

pou2W.on n t i r 2 C 4  (c~trtaining approximatrlg I psr cent excess [ICJ. lo 
4 

Tha c;ompu:,itfw of tho sublhmzlb i n d i a ~ t i s  a conrpmd mther t"na.n. a 

mfxf;we of E l  and UBr e l m e  theec two substances posses8 very differ- 4 4. 

~ en% vapor y.essures and aublfasate from an oqufmohr m~xtme wodd h 

I a 

much rLcher in br&ins than is actually the wee,  

In its appert.mca, lJBr2CPZ remxables mlt mm closely t k i  Wrq- 

1% melts st 510~0~ with arm eetmted b a t  & h r s l m  of 12.3 kml/~ole .  

Tho boilhg po$yit ~ ~ l c u l a % e d  fPcs mpm p a s u r e  data, see below) i~ 

"1130'~. Reduction w i t h  hydrogen ( 3 5 0 ~ 4 5 0 %  ) $feld~ a & w e  of 

rcugl-dy 60 par cent W p 2 C l  and 40 per cent UBPC,I2; the thermodymdcs 

~ md c:rtn be lsublirned in vacuum wfthmt deeomgcsit2.on0 It is stable 

b. dqy s i r ,  but mst be preserved from traces oC moisture elme I t  fs 



&''%I and (sn08e ratio 113) t o  590% for e m  da3 in an helium 
I 4 . . 

akwphemz~1 $%eMe aubl-tfon .pr@mt of $he eeqosit%on UBr C1, 3 
D i r t ~ t  ~ ' ~ o ? ~ . ~ $ R o x I  of Wr 1- only %O Lo1 AS expected, U8spaC1 re- 

3 4" 

150'-/,50'1": ~ e s u l t e  in the formation of LO per rent VBr ead 60 p s ~  
3 

0eXAt r n ~ ~ c l ~  

a 1 ~ q @ ~ t ~ a s , - g E 1 3 m & o  ThLr am- 

I J ~ C ~ ~  eppaarrr t o  be stable in the mpcv phase men at 5 0 0 ~ ~ .  BBOOBI. 

pos%timia OCL-,, hmever,, when 80Bfd 3.8 deposited; it Pa sesmt%al, 

therefo:.~, t o  mintah the partial ppessure of the f d h e  h the syatezsr 

1 is a reddish brom to buck substance mh%eh losee 1tx"H.m 3 
eW8B r t  225% bl ~ L X U R O  ~ @ c ~ o s ~ ~ ~ % o ; ~ I  pZ'BSSlW0B I"Clng8 fP~i3  5 X 

f&e oam--mad is e3cemmdinari~ h y = g ~ o ~ ~ o p % e ~  hia t  air lidemtee 



i d h e  end f o m  u x,$wlide, OIC13 nust, Lho~ef'om, b prs~enrea fCm 

all contact with a* or mia%uy"eo 

stable th in  ??El3, The vapor prasstl~a and maltilng point of UX2C12 - .  

...... ....... (I j .-iiik., WL~$U@ (.nL'w.f ?.m=rL, ~ . d m m o e ~ ~ ~ B d @  - - .  --- - ITX2C.$ i) Th%8 r@cm,owd h s  

bum p m p n d  fwi& of UCIA and UX3 ab6w eha mePL:tlng pof21% of 

B i t e ~  sslbaM.%ioh as&ipial cmrtainhg aver 90 pasQ cep% U.X3CI L ubtahed, 

3.n the, subPhwts %s clw Co a s m U  ameomt sf' 9'Feo foilhe whiah is Z m d  

% b u g '  wsvo~dabPe ~wwme of the sPortlPlg material (~i-3) t o  ELF and 

mith a Lon pax%+ prossure (0,l rma ~ g )  of iodine vapor in the sptem. 





U l B s  b volatile ard Bas a3 appreciable q o r  preaarpe (1 r 10'~ 
3 

which P@$ = 0.1 rn ilg, Deeonpoaikion to UBrg and iodkre o r s m b  at 400% 

~n 'QQC\BUnlll, 11m3 malts at 478% n 

(b ) v~3.&~-~&$&@~~dfb~mid8 R . .  , U '$@@ ,. Thfhe wst CQXXV~P) %ell% 

(.@ 1 0% + wr4--.zor,Rsr 2 2 , 

Qullltati~e3.y~ this eampmkl rese~bles U l B r  elose3Jr except, for 6 a 
nweh bwcrer thema1 atabfll'by, 

(19 1 PlBr 9 30PB-5 LOT BF 4. 3 

:?he $F&PO% %B sublbed frm the reetloa %om, !fie compound' is %help- 

imPl,y m t . s b l s  and mdergoes mad37 comemfon to Uy Br and jlari.?a~e -2 

3 c 0 ~ ~ ,  xta t~~iriml stab~l i tg  in ecwprablo to t'mtt of UI: BX- 
2 2" 

&. lk~dm f IV Ealidss conta,hbg Three Different F&ilod:a;ri~ 

The ~ o ~ p d m d s  TI:WI2 and WIBF C1 net "wen ~ ~ e p & e d  in pure form. 
2 

I ~ O V I Q V ~ P ,  rnbrture~ of the PIWO h v e  beep? oI.)kinad by the foUow'1:ng 



There is reRason ko baUewe that UIBr2Cl L morae stnB3e than UmnOl 
2 

.with ~43speet e0 loss of fod.h@, 

manim caw be prepared br (8) tltaem3, deconpositilm of mhed ~ ( m )  

~ etc . W&Ze is horn of theit p h p i c r l  oar eherniaal propohles, The 

. roduetioa of %he U(XV ) half dgs w i t h  kgnkogen, homver, h e .  permitted 
, . 

%hz: rslcule.tian of thennodJmamic -constants TOP W l C  l &mi ?,lBr$P 
2 

(cT,  PO 3 0  

( s )  U m i  -m-$,O Radwtion 02 WrCl. 
3 

pith hydrogen p~odwes a m i x t u r e .  of UBI f: a d  WCl. Xcdfipertfsn d' 5 3P 
+&Is mWme remmes the UC4 (as v o b t i l ~  I,~XCI~,). The best math& for 

~ ~ a p ~ 3 ~ i g  hmc-err P s . f i s $ s ~ ~  of EL and IBP 
2' 3" 

~ Tho prbdmt oaxa be purified from weactsd &%chloride by trsa-bment w i t h  

iodine sapor and e a i m a t l o n  of ihe UIC% fo~mfd. 

(b) I m m ( I ~ I  1 Dfb?~uxq~onoehla~o. T E ~ P ~ ~ .  abia compound 

bqen prepared by roductlon of Wr3GZ Mth hydrogen, fha mMm of 

~ TBr2CI and Wr3 ?hioh 3.a prodwed in thiD 8 9 ~  %A treated with iodine; 

%he UIBp anrd 011lp C1 vapon, are then psned Wlrcugh a tube heabd t o  
3 2 

385% Bn a stream of lodine vapor aP 0,1 m Ag pressupo, The U.Eb2C1 



U r n  se&1hes3 away, 
3 

of and wz (132,) shodd also W P ~ C ~ ,  
3 

A X 1  these compounds dissolve in water t o  give a red s o l u t % ~ n ~  

They are  hygmacspic bu'b not to the same extent ao the u(W) eennpo&, 

466. 'FBa~or lpreowue leasmements. The &or  pressures of U&C 4 
(ucm ' ~ 7  1, m 3 c l  (IERL 18), m 2 c ~  ( ~ R L  ::c ) and urn (WRL 20 9 3 
have been studied by er molec\ll~a~ e f h b o n  me%hod, Tables' & ~ k 2 . 5  ?di 

sume.rfae the ~~xperfineaatd dats, . 

TABLE 3.3 a* 
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b) Deeonpositfaa Pressures sf Iodine over UPPPR QERL 221 , -3 
and U I C 1 3 ~ t & ? ~ .  The deoompositicn preuem-3 of iodine na e. f c t l o n  

I 

--r=, 

of %erripim.ttwe has h ~ e n  me~swed f o ~  these two c a q o m d s ,  Thc3 results I 

, . ,  

ape smraa~.zed in Table 3.8, 
I 

. . 

TABLE: 18 
I 

(4 . TlEmWd & , These eonstants have been. deteyo 

. . milaed ~ C P P  8even mixed hal3.des., The p%sults ~fere g l v ~ n  f n 'Tab1~3 2z0 

FOB detaiBa.~!f. the wll.euUt%om, we refs~ to the paper 'br Go la081 :@ 

fii ~ 6 ~ l E 3 6  

Some -of the smcessful methods f c~ sep-~atlng iaotspes require 

the use of vs30tile compotraade. Uranium hemfhc)ride 5s the only Imowh 

ee,mpomd of un%niwu which g~ssesses an 8.ppreeiable vapor pressure at  



. mom .te~!lpe~atme and ie' hag ti,-2 :?tQiys , 'becsn ex Lsnaively utilised 98 

. incdtops aeprtltfo~ls. The gp>ea.$ ehemical renetlvfty of wanfura hem- 

f l ~ . ~ c r i d ~ ,  hcbwwe~, gtvea .pise to serf OW C O ~ * ~ O S  ton prob?,enis and con- 
* .- :& . ' .. 

, .  .,. . . s~xpmn%3.y much ' ef f ost , h a  been ddvsted. ta preparing r.ton-eomoaiae . . . .  
I .  

. + vo3L;stile m n i u o  qompouzsds, Effo~ts to prepws  L . ~ U I D ,  ea~bony:Lra have 
, +>,, ' 

r a  f:tr prove6 IZI, rtecas&'CL, Vobt'i3.e o~;p..ls= chebte eompoamda have 

hean . b l ~ ~ ~ w e & ~  Vncr vkpor presswee; of' such cosnpmds, hmsve~, a m  2057- . . 
, - 

I ,. .* fn ., %,I; rlcinity of 10-3 m ~g e*. room te.enpnrat;r,-e for the most. v iht f l e  
. 1 .  . - . . mambem of the c h a s ,  iW%tiernore, the ~!!o?,ac:uP.ir neigh$ of these or- .- . 

urmni'.u:a borohyd~f de has indf cated ope 2ossiVl.o. ?EL$ of s o i v h g  the problem, 

3 .  

# .  and ips -al:.:o ..tipsnet? what p~crxiises 'kc! bs ct vaay .$.n%~rest;P.,; ehri~?i;a!r in 
. :  .: . - . . 

* r 

. . A ' .  . . T4~e meP,s.l bs~oP~drides a m  a t-cj1a.t P~elg .HIPJ;II clam of co~?po~a.l& , 
, . 

, . 

- Th-zy cart be eonsidered as wpseudo-halides", w i t 5  the radical E3k4 p-g 
* .  

' .  . . 
B~Xicrp t o  %he dkrseaveq,r of manizrm bcrohyCirS.:fe the Borohyc%:fd~e of 

. . .  
Jiqbh$.~rn, 1~c:ryIlium a;;ld a luwfnum were h o ~ m  ( S C ~  1t~ainge-q9 X%99 1948; 

~. on ari a.B~y1 ca~npormzd sf the snetalz 



polar s;'tbsbnee. 3% is a voPat5l.e l i c p f d  (b,p. 44.5%) eoluble in 

hsasems, Since beryUim b o r o ~ r l d ~  arid aPt~mfnun bo~shydspfds are . 
I 

the most Q;olatlle US a l l  I m m  a?ompol]a?ds 02' these rne%~Is~ .:.t seemed 

~ wortPawh.P.3.e to tszy to prepare t3e C P O  ccmp~und of ~ZTUI~.UQO 

waxr.tm.(~~) 'burohydrfde cannot be prepa'c.6 br ";e reaction of metal 
-. . 

'alk$lr~ w2lt.n dYimrnle, sfnce m8niG allcyln are xmfonam; The best 

deec:rilaoc? in the lf%smtme is very %ed9-023 mr,d aubt,~'b.ls only far the 

p~gialratlon o:P weFy small answts,, Tb v.as :seeeasnry, Of.lsraforo, %o 

deirLse nore 'prn.ctia1 methods for the pae~amtf  an of Al (BH ) The L> 3" 
- dktw f l e d '  :resd,$ of' th f  s 9asteresti.11~; wmlc s.Pe .LO. a .ppeP  d ~ e w h e i * ~ )  The 

fsPlnwi2ng. reactions may.,be employed in p r e p a r t n ~  allmhm borshydrfde8 

~ f i o r a n o  can be prspawd br (MP Chicago U) one of the foUrnvLng two 



.2 < Pr~j~8ra~orn of- @anium~~~IV~~b~xl~~.~&~~ Dkanima (XV 1 ':)&*o- A-=c.&-- 

b~rdrids is Zomed by treating. W4 wfWt AI(13~1 ),, Reaction l a  spdn- 
, A" d 

tn&aue (riocl a@the7?m1)  at. room fxmpe+t;tu~re, 1% procoda accord$- 

t o  F;Pm eqmtic~ae 

(67 1 W4 4- a i @ ~ ~  j3 --3 '~1m~)~. ,:- 2 ~ 1 . ( ~ & p F ~  

Ilha -mnlm % e t ~ ~ f l u o r i d e  in thia :reactLwr, is best prepred bx debgy- 

~ T ~ % % O X R  O? 25y' a 5 X 2 0  [ ~ f  Clap-p '&,",I, I r ' f lapR debxdya9,isn ie acc:m- 
4 

p.?.i.~oI~ed $vat bafom uis a Orantm tiel t~afl~t~ospide monohydrate L R tf aeB- 

6. t3 a B B ? W ~  line and dehjdmtad et 350%' ct 10'5 mm I E ~ ;  ralvr~~um 

burdq7dx1ld~ 5s eban d b t f U e d  into tihe reaction %~rabe which is ehan 
I"' 

s.anl.rd ibf the v a c m  Lhe , Sface aonmtbe~xble' heat i a  evolvsd ' in 

:r@aetioti (67), it is advlaable to  phee Lhe x~eaetion .tube in en ha- 

:m l t  mkt&uire for smfra l  ho- en2 'tla(sn $0 a.llo-8 the rea'etioa to go tc 

m r ~ l s t 5 ~ ~  a$ ~oom '&elaperatwe. me resetiori tutm is then j o b e d  again 

Eo the i z .s~ar  1Incj through a bfoaker scel and the ~ ( 8 d ~ ) ~  and sxe&s 

!a@B ) are d i s t i l l e d  aw~ ,  The U ( B H & ) ~ ~  is tra:ped h a U-tube at 
1 3  

40%~ nnit k h ~  I ~ ~ ( . B A  \in a W-tubs :lrme~ssd in 1;iqufdl nitrogen, PTfth 4 - 3 .  
qmntitic~. 625 g )  tho sublimation m y  raqube maw ::~.?s, tq-:s 



tha W! 4- use&) emla h.9 a%%abdo 

rn:Tbpfi~ buye  BPI m d ~  to dev5se p~m&wee vhich would noti 

qt $.m the B;baoxa@e of So.P~nts>. 110 D(BR ) was obtafnedO %Lg&J!&.-,e & 4. 

[,) f f i ~ k f - ~ n  o$' B i b ~ ~ ~ l e  a OP_BO%'J.~L~ C L - ~  3 [ @ 

oq- -- 
m,ge of -~igt3-.tm~ and praesums, l[e is wndaln, ho~ve~t?~~ ,  Wlat 

%be nonovofatFle ~eaidue -arm the peao%lon is spm%meourr?y and 
violoatlg infUmmble in air ;  the residus mat be h y d ~ d - ~ r r d  by slnu 
adaittAng water vapor bnfora sir i~ allovacl t o  enhr t h ( 3  reaction 



miau;@d 8.t; ~et2139. born%@ a f t o r  d i a % % l h % f . ~ ~ ,  b~ % f 4 a $ l o ~  w%th m(09) 
. . 2 

md rr%x~i%a.& c a d  the tpdu. as U3a8. The enpa~beabil rasulta Lsad 

tvo volatile mafm eowpo&ds have been Esobted, The less ss38slti%e 

black in thAclcer crystals, The more vshtf2e cor~pomd, tbfte~ pus;L- I 
ff ~3tion ib;y fracPif om1 ~1&9.im%10n, i~ B green so l id  . 17.1% d ~ k e ~ n a s  

s~eactlon vf.th 1r;e.tez and Igdl~ogerm c h l o ~ i d ~  (see See, 5 ;  5 o belmd, 



-5 

bmm chlmides (& lo f ly  CE$ZI )J  the .lavender c p q o m d  .gave no 
4 2 - 

df~msne ,  le%tP,@r eowlpeum3 p&sd any metkmw, Thmefa% f b  e m =  

ps:&a ~1wrl.y asn%~fn wrbon ao mat&y%. g~oups, It is reasonabb t o  

eunclde I n  both the methyl groups are a*.@,ehd to bmow m d  no% to 

wmfi~m, %?bat fn the h v @ n d a ~  aoqcund LBem are no (@&) p c u p ~ ~  and 

%ha% each m.rbon is a%taahed t o  a diffw:a% TPoxnon a%m, In e o ~ ~ J ? z t ~ % f o n  

@ . -  , af%h the m ~ l y t f e a l  (icata and mohmflar iis#~Lght d s & e ~ t i w n a ,  -t)ilo re- 

monmaChgl ~mpo8& pmsent its tetrcmsthyl baroQ~~kide, end that dfioians 
L 

w i l l  d~~~B.gLgj~bte traces of 'tetmethyl c o q o a  ~ M c h  m y  be present %n 

' the rne,mme$B;7PE d e : ~ B m t ~ v ~ ,  

I 
-Boron ti~ietw~ reacts wi* ~ ( B H  ), f-y a e  s&.e way .ze B (CB ) 

f $ , , < .  * 3 3 P  

ghsa  rty&en, tpapo~ p~easurs data am e3ummfiaed da Tables 19 and 20, 

%e same sppn+tm ma umd for c3stemTm.lng the  m02.eo-a, wefgbt, The 

m%ee.uhm v1eigh3 de&em%mtfons shmed the compouwZo f o, moxtaem 



' ( ~ ( B R ~ ) ~  sublimes withcut melkiirg; it melts at 326% with extiexuioe 

doaom~ooition. The m d l h g  pofat 0% I ) ( B H ~ c B % ~  j4 b a ~ ~ f a b % L e 1 ~  

C Q O ~  14 0 6 ,  'I%@ melting p o k t  sf the msr~oraat?~~l campowd is in d~ubt, 



rr.mch ~o~vents, Ef&Q piPPeB lmnsoao* daes not  act nit& IJ(BH ],?, 4 ;+ 

I&, it. fa d%fffcor%% to m~me tha b8mer.na '~'i~e,eu.t deea .voa i t io~  cf 



(4 )  g&b~mne. A t  room bmpawtax~c, B2%, does nct reset w3.f-h 

B (6CH3 j3 *I; 70'~ for one hoar, 3 %  prmlucts nre d P ~ t h c U y  lea8 

vc.h%%l~ t b  D ( ~ ~ H ~ ) L .  7320 ramtion lo conplew, a. I$, and 

dheWlo@mP.rr, B H ( O C H ~ ) ~ ,  are obtained in addltim to the =lo t a l i d  

product, ~ ~ 3 p i s  aliggaata the. w'kthito so l id  p ~ a i i ~ o t  to a mono- 

(C j Bsem Uq2s and other l9'ba.l A l l g l e e  Tho resetia-3 of D(BA~ = -- --- 
and B(C$ )g %o gfm methyl derivetiveo of the simylL bo~olxvW-de bas 

already Pmen d%cwsed, Z h c  meP&,y31, Z ~ @ I  ) =d aPmlm~1; m ' ~ t Q ? l ~  a z0 



a]~%'a~eoaP,.ly LW a resrlt of ~&mtfon, and no ewidcmcg, for the I"omation 

09' D - t; b d w  b- beem ~ O G ? P B ~ ,  

not maet w i t h  U(BB ) at 50%. A t  8OQc ~soctiioil wcun, to yield an 
$ 

 mom prcd110l; comidem5ly leoe mhtile th& the ortghal ~ ~ r o ~ i d e .  

11) ?Zbsm-l of the Bomhsdr3dcs.. The deoonposl.t.fcm of 

the b o r o I g - t ~ d e s  . of ' ~ m i u m  m c u n  mop5 easi~p in the ~ p o r  phase, . 
, 

ps~%ict~larly wJwm the m p m s  corn 5.n contact wlt,h ao1l.d au~faces, Pyrex. 

glnso walls mrkedlg ~ata3,.yzie the daeo~upo~ition. B e t a h  aueh ao c , c q p ~  

or nick61 are also v s v  effective eP1 c a u ~ b g  desmpoaltion, wh~g~ms 

sbrwhum and ~IIver are p ' S a k % y  ILeaf: dsab3uct5ve than p y r n .  .! 

2 
wnr~a at the rate of 7,6 x loP9 ~olaa/ca u& at 55% and I O O ~  rrm a. i 

7310 ~mc%%om whigch mew are: 



m0 ulE3~IZlt :. 0f -0@3lFl @d d%bOX%91~ W8 ' 89pls11 but %fiiAl p of C%Ott.rB@ . 

dma rtgt porm8t &$ f $az~i.neJb ' , i  i.w$wrecsn them %DJO po~sib21e rea&f.ona . ' 

Deeoslposftf?n to msnirm bmide occurs wh@n npcjrs Q$ U ( B H ~ ~ ~  ae*, - . . 

~ 
I paes~d thsso~igh a heated tube, % a u t W  U ~ F O E = S  of miuu bopid@ 

ba a-ypeetsd ih c o d  o.l" the sA&cmg ,a&mS.ng 'p~operties af %bee 

bomn ecmpozss~ds, 'L]k-an$.m &~ksx%de fafled mact wi%h any of the 

I 
arben.yb ax=@ mbtfEe and aury~hfngQ stable, 



a:pbay1, *bRa1~ flraefl OD Q%dgvQck and Eaf1e.y (1934.) has Bean gu~ted,, 

t3ooe m e t a l  arlaonyl@ are a b b b  2.n whbh the oaa%a%l m a w  
I 

atoat alcqubes 3.n may 'the ehs%~mio  a~nfigumtioa of a rare gas, 

Tm~nty-a$!~ elmtram would hawe to enter the e1satrsnd.e ephem of' 

wnfaiw for the btte~. to acqutre the ahetron3e cogljpigxmtf~~l, of" the 

hypo%he$?Lsaf maye gae mhfeh SP0110~ ft :In the IPsridPe Tabls, SC9a$l@rfe 

ecukad:!clemblena alone would seen! t o  rule out %ha existence sf t h e  . . 

rss~xlWfi~ ecq&, U ( C O ) ~ .  . E5ia @.ppwm as a themotioal argument 

'$he recen?, Utemtuape pertahtng $0 the m t n %  eslrbrg~3.s bas 

B e ~ n  rev bmed by HHitebep. (19Q ) f3lane'h.x-d (13/cO) ant3 T~out (1937 1,  

These euz-vep m y  be consulted for c3etaI.l~ of the methods of pmpm- '  
- - 

Plfon, s t ~ u c ~ t ~ t e e  and properties of t11.e ~wbonyla,  

F.fox%s 910 prepme mnim ca~kjanyl ktpe beon k d e  by ~ ~ P B O  

qepa~a%e group afworkgre for the EdIanbatt;~ WoJecf, 0f.tIasac tIc1le 

work ,& the E t h y l  C o ~ p m t f o n  (1) $as.been post intensive, 

w b m  mcmcxide m d e ~  E). wide wxrf ety of .eondltf o m  a b e e  a ~ '  of tha 



h o r n  metal rc~%ongla {omepb t k ~ t  of' eb~mllan) h ~ v e  bncn prepared by 

dirsoB acabk~!ticn of m s b l  with m ~ ~ ~ : i d e .  7 3 4 3  $OUOW%E~ 

b :POrm sme ~~earrt lon IL?..IC%~W~ ELI (a) w e d  a% 30% and 2400 pet,  

20 25~'~ 321 ~ a c c d m ~  reacted with m~lrco h,~oxida e.t %a% and 8650 pet, 
. . .  i 

th@&s ~ : c p x ~ f i ~ t w 1 t ~ a ,  1% be psiatcjdl m4; that 'bh~  metal. used was ]as$ 

sf a h i l ~ h  dagrcjej sf pxrfty, The fa91eQ pmdered mata1, wad by tha 



s i p o  of iwu?tion, 'Pzeatxent of tilie "uranlwi ~@'~"Mo3@ . with ~ l d  @O 

(SI, the preoence o,r .QC~, ~ G H  j fi.101) 4~00 no V O I B ~ U C ~  ti~illlim 
3 ; '3 2 

tX~lli~,G5Xlk~ o 

6 4, E 7 ~ ~ g W ~ ~ y 1 ~ ~ o a  nkth&r&~.,lggAde a d  R a d j ~ & ~ $ & g , ,  EUnr era- 

A WOW atthoel Par pr~@x~ing metal ~%~dmwb -ms dfsowered by ddj mi? 

Cns:~aR (k%?), 1% eacmi~ta of the  tmaben% of the mtab h l B & s  wtth 

a ~13&~1cing ngent fa. 'the preaenee' 0:' C ~ . F ~ O I X  aonmidec 36b ~3neJ @ b t 3 g ~ g l  

awptton t.ht :,nium\ arbsqyl, if ft @ d a t a  a'% all, m.t no$ tla a@- 

C Q W ' I ~ O L ~ ~ ~ ~  by aaa%e~, ( e o q ,  below p, l o  

b ( ~ B t f s h  I)-. Tho above rencticx~ wa8 ew$ended te U D f  K2@ 



%bi~?.~i%he ~~uccaosf'U3 prepamtlon of a 1sebtf1e ~warnim sa~~bmy1, (JT even 
.' . 

=proof ESP the B E I L I O B ~ ~  awh a compo~xnd w i ~  not be ,an easy tr,sk. ' . 
. t 



%a A!& c7mk LICIRL~ a~ zc3taUio madm $,"I vo~d~d be very d e e i m ~ b h  to 
C 

r@pe~% these a:iqI~imnt,s whg: the 8a3 B 2 ~ ~ i  ' mt%A n m  amf&ibb,&i .--'. :d,&ag 
. . 

car3ora m o ~ l d d e ,  ~ h ?  we of a ~ a c y - ~  nic~sel-nmniua i ~ o ~  
b * ,  4 4 . .  

hiis also besa s a ~ e s . b t i  and &eem v ~ a r ~ y  a=S %r1aB %!P Chisago. I2 1, 

I$ u U  c K f ~ ~ ~ & i : a ~  m3tic9 I O  $orD wh~weve~~ o ~mok%on C X ~ ~ ~ B P O ~  (as ji.% . 

Plr.oqwntJy d2df no tlob%eralpt m a  irade t o  a:ac~lcertsPst its  he. A1& thae 

. . 
FinaXu, f-b i:%3~1%dd ~ p e a ~ ~ p s  be desfm'h3.e. to re-fnvestb&mb srxm of .%la@ 

~~a?acP;Six~e w%~died  2aof.ng 'XI and E X ,  ~at'he~ thnin f i C l  , 
. - 5 0 Pa 

: 
t 
! 

33 Bfarr;. ru to the ~ + e . b l . l 3 % ~  of ~u-medum sarhea@ 

'i%~l *- r am fraa %:e be&; of srieeeas h$%?~es'a~b c~mai~'t;@rec? qlat attarpt;s +a 
t 

prctps-re ~ P I C C ~  4~ ,q ,omd.0~  3% m$ be gol.rii%rcd out, hmfeva~~, tha& wan1m I 
f s o str~cmg$l.x ~ S i , e c e ~ o ~ ~ ~ f  tfve eb~snent aad Y~,8t, no. crarboqyb of sl.&ient~ 

0 1 
' 8  



9 Sordtner ,, R,, A m ?  u, 331, 

. '%&I2 d- Z.h711~?-!1, C , , Rer , g,, 8&9, 
\ . . 

.B.@3B0 bl'8.?mgofl, Go, h3no a, n9, 
ltY&,, ' ~ai .r is tm~ Ho @mrp%o F@XXP~ gp lW-, 

. . . . . . .  . . 19% RAcbgtla3 b . , and B ,So I!kwigo:!,d, 2, k aorg, Chen, , 235, ' 

193'?n ' C O ? L % ~ ~ ~  k o D .  81~1 Chh'~. P ? Q ~ o  ) - dj - && 5%%0 
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be% Pmp~~~~t.beaa from Aqueouta Solution 



me -ides of hxaaen*  unantua oi tpps 42 ~ Z W  ~ M W  

the earilea* ccppounds os ummiumto'bc et~aica. PIsspibe this, few * g a l a  

I ecmdant~ have besn b&nmlxmd ,%rltb any 8sgrwt~ of aacmtay, & the cham- 

aoe@e'Pb%ct, anil a <prm~fBeraU@ asmuxa% & W m t 9 a  about them b e  b a n  

ao~~~mabWd. IM&~nce igl. pr=obaU s exie%ense of cqyW%4iee of ~(831) of 

a4 
the type of VO snb of W e )  of the type at' UDX3 . ha. a.l.readJ bam die- 

# 

cub38ed LB Chaptar me 
Eere, athntiaas railbl'be dtmete% t o  the tumay1 halides to the 

I i;&ima (IV) c s y ~ ~ ~ t b e s .  ~ueeticgs relattng t o  ionio s p u i l i ~ a  ami the ' . 

and lpan+~~ sib, &~zc&%w (18s) -&a mg with ILJ&OKI.UOFP~O B O ~ ( L  
. . .  



I queoue eolutian; .on one ocoaaion a partially wealins mater ia l  w i t h  a 

mother-of -pearl lueter vas. obtained. Sxnithelle d e e i w t e Q  the hydrated, 

emrphoue material, obfslneb by ernporetian of tquemle U02F2 eatutioge, ae 

the @-fa-&, to dietiaguieh it Prom the oapamd whieh he obfprlmd in 8 vary 

~BBU yield by heating uranium te tmf lucwlb  i n  a clooed crucible end 

deai@ateb a8 the U- form, 'Bze latter probably ie anhydrous U O g 2 ,  formdl * 
by the rtwtioar: 

DEt- ( l8@b), erromouely itormuZated tihe compauxul, .obt~iaroif by imle'ton of 

uranium teQmfluor~d@ In a limlteb a p p l y  of air, ae W4,  

1.1 Properrat'ion 02 Uhmyl Elu~~%de fram Aaueoue Solution. &may1 

fluorLae hae a tembmy t o  form w i d  and b o l o  &ts of 'Ill-defined cam- 

pooit~on. TO prepare pve  mu^ w 4 y 1  fluor!-de b mntnl 1 . a.'amn 

weiat & caxide (9 or U94'2Bg) Is diseolred in the calaalatod quantity 

of ~ ~ h u a r l ( c  a d d ,  and the sdutian 'Le thcm empars-d t o  dryxwea. !!!he 

prroduot ier ueually Sound t o  oowti!iIlr 8 hf @@r pmmta@ of uranium than 

oabcuhated far the neutral calt. An 8m~1uut of hyb-ofluortc acid equ 'L~ tan t  

t o  the exoeea uranium 1e now abQed, w i t h  wa-r t o  dleeolve the a t ,  

obtained fa thia way appear t~ be &he dlhydmte, IfDgZ0 a@. 

-1 SluosrfQe l a  & i f f i a l t  t o  cryetal l i re ,  very vl~aoue e p p e  being 

farmsd on canoeatration. Even if -1 fluoride alhydlrate c r p t s l e  can 

be iaduueb to farn, aeparstiaos of tho cryatale frn the mother l1qu.a~ l e  

ueually vew t3tffloult. ' The -tale o? -1 f l u d b  dlhydrete lafe e r n ,  

t hb  ilatd~, pele y e U w  anil eo hygrmooptc that it i e  diffioulf t o  dry 

them. ccsleequen4&y, salutlane twa often evaporated to dryBen6 at  1500-2008 



4 

-b- 

v iaout  at te~npew t o  achieve w y e e ~ t z a t , i c m .  ~t 200% produetie dth the 
' 

o a i n a t i r m  a-.*ding t o  that OP tire m)-L~tral e a t  a cmtabw lees 

taEsLnr 0.1 per cent =tar, win Be obta$nd. 

aarhydmue -1 fbuaPiae hag t i b o  been prepma bz meetion of -1 

acetate w l t h  kytlrofluorto ac%d (van Unslah, 199). Ths ace-% 1s sepatedly , 

eva.pombB with hydrofluorie acid in a pUtlnuu crucible on .a water batkt 

t o  rolatf l ize acetic ac%dl. 'bhe mefdlue fe then evapmted t o  ilr;ynaee to 

ranme h b x ,  and cpxceea Wd~ofluox-fa acid. On grrolaqml drying b a vacuum 

.(&. pa ) -1 btexm%QR, tihe og&lmum t~qmmttu8.s.. T h l ~  %a probably. the 

most ~arweafent m%hd fer p~9ptn.g anhy&ou~ urm31 flttmfdo. 

Although not of par%ieuler;k pmpam&ive tmlus, fdllowlng rem%im 



-1 dltaurib caarr be r°ga8iby prepmxl by tihe reaction of mhydroue 

m a  C U ~ ~ C B  wia iiqtria sahyim~8 h - m  nuoxlfae st XWOUA b m p a p a ~ ~ ~ ~  

(&own 1). me reaction is b e t  art in a pGLmm-l-ti n i c ~ ~ l  

reactor; the =ation mf;~'iture ier a ~ w d  to  w e m i a t  tihe hydrwn 

ahlcdbe and .flu&de remove& by dietillation in vacuum at 450%. A cam- 

\ 

(a) Mtewllanooue Reactlone Yielam l h n y l  RluarPtde e r ~  a, &odluceo 

aetf gne eve many1 ~ ~ u o F I Q I ~  a5 a H u o t  (MP Chf sago 1): 

@truct- of UO& has been atuaied by ~sohariaeen (MP Chi- 3). The 

The layera am al.2 identical, and e m  bi& e aia-~ a3 aparto The ~tmctufpg 



\ -6- 

in any am layer let 
I 

1 U at (0,0,0), 2 0 at (o,o,rp), wieh u = o.n 

The next layer b e  the eam eePucturw, but l e  dfeplaced efther 

d%ecm%r, U e  m r a ~ n  s%ruu%m e o x m s h s  %o a tmlt oeU wlth a m a i a i n s  - 
3 and aj, end the unit cell thus eonepslm only m e - t h l ~  of a molecule. 

%%~e b m i t y  aps canp~tetl from &he x-ray data 4s 6.TT d c o ,  A direct 

xmaeursnmnt bg dhle@acwmnt b benzene wva 5,8 d c s ,  but th le  value wa~ 

thoa&t to be lw due to  entrapped air (%AP44o~umbfa 21, Britieh workrarer 

re- a ~fiurlng b m b t y  of. 2.95 &/DO 6;aaa a pa~klng ken-elty of 2.55 $/cc 

(&ht%sh 2). 

sorptfon a9d flumeconee epeetm of usany1 fluoride vilP be dleouseed In 

the t l s c d  -'of tknie t,manti~e (Chaptar . Aahgdroue u-P fluordch a8 

B pale yellow sol id,  no o a e r  -&,ye%cal comtantra have been detemlmd, G h c e  

. m q y l  fluoride undergoes bcoslp=siticxn, the &lting point ie un- 

of aqu&ous adutfons as. eva'tlable, RILdl these 8.198 Biacuesed ln Chapter XVII. 

1 .b Chemical PTop~rties of U-b Flumlde. (a) Water. m o u e  

u m a ~ ~ X  nuwfib fa aolbuble Bn water, mt~thtmox ethass3; mikg the o t h e ~  

unsay1 hallbar, I t  i s  IzmQlublu im ether or srqyl alcohol (von &am&, 1W9), 

The sdlubllftg In mtep hae be311  etudteb ei%'varioua %euageratusee (SAM- 





l m e e e e  wl%h f~mpmtm, but tihat af wmyl f l u d b  In hydlroflucmio act& 

urmyl fluorfb obtalnab by hf& t - 9 t a . t ~  ~&ofluorfmtfcm exhib1trs no 

deb%guseence e m  on I(EXP@ a k n d i r ~  fn air. Eydmted u~aryf: f luortb ea~l be 

d e m t e a  at 1 2 0 ~ ~  without eerious dacapo~ieicm ( Z ~ t t o h  2) (W-COIUXM~ 3). 

Hy&bs of uranyl f luor l ib  ~n8;gaU.y appear t o  be unatsble a b m  109%. 

U-1 f3uorfb oakinDQg nn excesm of UB3 r e ~ u i ~ a a  hi&@' bm-raturroe for 

c~'lg@eb bhydxatPon (up t~ 250%) A t  25~%,  u?ran@ f luoride uBaergoe8 a. 

oolor oh-; it beoonse p W ,  but does no% app'ar to be c)hm$eb cphea~f~lly 

(r4Qn-a 1). 

. Aquewe o o l u % l ~  of' n e u W  umayl fluwlae do no% attack @me even 

a t  the bolPfq point, So1u%f one of 2 tmmyl gluortb have b e n  heats8 

in pymx tutss w 200'~ im ten d ~ y e  wtaout formation of anp pmclp~tate 

[ h t p e c ~ ~  1). ~~pr?mste~~ ettmn a* BOOB Pemwc3o a~ of a o  fluorltne  am^- 

iag s residue of UPe. A t  450'09: the xws5Bue l e  largely UOj (= b e  I). 

(b) The System t ~ 0 ~ - ~ - 3 ~ ( & 9 ~ 4 ' ~ ~ b i b  - - a d  Cm2m 11. A w e  

etu%y &? @is sye-m ha8 Psen br edub110t,y mthd. (The w l  

flworitb ueed h preprwb by mactim of IS0 via hy&ogen f'luczWe. ) %!he 3 
~ r r ~ l o u  m%x%me were aPlshsed to eom3 to q u i l f b r i u a  at 25'~ %n two to three 

weeb ttm, '6;te meulter obtafwd prweenbd %n Table 3. 

%be data tnillcate a? miwlkred bereanre %n eduBil5ty wif& bcma5in43 o m -  

oen$rat"i of hybso1Plussfo acfd. % me reg%~&r tmetfeted only oollid 

pkaeps amam. On dx%mpcdsat~eg: the tte Xinee Job- polnte oorrseponding 



to the cgl~poeitione o f  We oolutfon *see am¶ the equlllbrlurn eo'PlQs, me 

I coanpositf on of the equil%brium imolld, mme l a  f o u d  t o  be UO$20H20 (Fig. 1). 

(e) '&a& D e c ~ m e l  tfm of %awl Fluarfde. The cormpm appear8 t o  

be atab3.e in alr to 300°C. A b m  300% b c m p o s i t l o n  to U308 oDoure (CBW- 

rsBC 2) (Brf %ieh 4). lbe thermal decompoaitlm hao been otudf et3 in aagle Se ta l l  

! - 
at Ameo (WP Am8 2). 8cma d e o ~ ~ ~ ~ s i t i o n  is found to ooour e- at 200°c, but 

1 .  m a t  of ' b t  morns a& &00-900% (in mcuum). 'Pho substance thee not melt. 

1 A black cob- l i b res idue  of Uj08 remalm In the flamace; a  ye^^ eubetaace 

(u0g2(? j an8 a men aubetence (.iapue m ) a t a t i ~  ou t of  me m e .  

mere i e  a e o  eH8egce for the ovcihtion of f luor~ns (or prhap ~ ~ 6 1 ,  einoe . 



.: 
I . '  
i 

. . '.. ji. _ . ,. 



a & p a i t  oP mreurous fluaplPe is wua.31~~ feu in the morcwr rapm pump: 

Tho h~ wo~brta petulated et number of' c a ~ m e n t  reaotiam t o  acecc+t for . , 

B e  edbnee ie at3.U. too &B@IT to .  &mw a.ng a~ffntte ,emclue9m8 to the 
. . 

vess involma ompting the m e  ei~ergy of m ~ ~ % l o .  (13), en8 %ha p ~ % b 9 l i t ~ ~  

tha% mrg actually I s  i m d  E I ~ P I C O ~ ? ~ ~  to &hi@ eqmkion !13) gsed no-& be ex- 

cluded. !idam work 'fe @ s 8 ~ b l i ,  siace f o m t i o n  o r  % by dacmphe%%bon of 
. . .. 



A reao%lan, which la  typlwJ. of all eoluttons c g z r b l n u  UO~+* but which 

PLas been apafed p t l o u l a r l y  to mmyl fluarslde, fa m(lucttcm w f t h  eterPmow 

ehlarD&er 

(16) uQg2 + 4aP 4 W1, -WF4 + an CLg2 + a2Q 

.@or mfemnce~,  ~ e e  Pra~lpa~atlon of UPsnium TetsPfluwIdle, Chaptar XIP, 

Section 2). 

Solutlem of -1 fluorlde coentalnlq @uoo~e or alcohol are mdluced 

by direct eualigbt to urw.Pup1 t e ~ u o o r i b .  h e i o n  with elkall ( V B Q X ~ C ~ O )  

oopwgrte uranyl fluoTP6le to a m i x t u r e  of eodium (or celolm) wanah end 

(e) Complex adt ie  a9 Weayl IQluOk"ide. Um~y1 fluorlae t e  ctodtgstlvebg. 

gwaturated and 9p& e ~ ~ t v e '  aeries of diouble &to. Double e a l t e  of the 

c *  M j  ~ ~ 2 1 9 " P r  QP 3@0.2U8@2(&III) 

, B e  $ (UQ2)$'9 a%. 5m: ZUOg2 :&K) 

D l t b  (188h) aie~~xaba oarngoude of the e e e e  &UO$6(Be90fB kp 8, mP a;, 

d l a h  be obtained by hieitxu of V308 end ptaseiiun fluwtdle vlth a canall a m o u t  

latter have been oham br Wthel le  to be 'ln el1 pCbabblit3 of Type ' B, whmse 



of the two ccrmgoun&, C84U02Fg an(L $~UO$Q, haa been reported @AM4olubfa 51, but 

moclbl@ px?iemati'ltc cry8tals10 Since there &me not appaQltP t o  be, emy obvfwds 

mason why emplex compmtgei Q1P the tqrlpcs b 9 4 F . ~ Q $ ~  should not exf a t ,  ePIsgr 

mqy wen be obtainabbe adthough probably hot  $3 tiis ms~m os ~:t&g.  

Al%hou& %he Uwp em@exee ware dteacmeied ~kudPed by BoSltola (~8851, 

it me kkwr (&@9) who $ t ro t  elael&b& the'Px. mlaimahfye.  When ptarssfm 

fluaidie i a  atMed t o  a eoluttsrw of ~am~my1 attrate or fluwide, IC3U~$5 

p c t p i t a t e e .  Xf t h l ~  e d t  i e  m ~ r y ~ l ~ l i z e r i  pure w%Ger (or an ~ U B Q U B  

solution oentaintng l s s o  thtm 1) pa" cent E3F2)3 %(~02)2Fg ia f'o~med. 

but immaatm & sotB%ura wbmatee  yfelbd w a b ~  eoluble emfiexes. 

iron, m p l a k b u  a t a ;  but Beplum, calcium, and leas f& p c l p i t e t e  ia- 

1.. , 

Insoluble' pos-cgnpouds Which hare Been f,.mimlaQb as N a U q , P e w  hnB 



. (~oFcuapanid~e, l9O0). .. The oolaductir~ty of ~s(%u~ous s ~ l u e i ~ m  of K J U ~ $ ? ~  
6 ,  

an& ( ~ ~ ) J U Q $ ? S  ham bean studied (Mi&%% and ~ i l a i ,  1897)~ an8 the 

' r e ~ ~ ~ ~ . t s  -PI$ t o  B ~ O W  %he exietoaoe e w e  ( u o ~ F ~ ) ~  ions W ~ W  

wl+h corystallogra@~ia erfdence below). B b l e  b s m i z ~ e  e& partbmnt 

bn pkepsratbom. er~~~ta.~lopsaphic properties ' of these camflex 
. . 





~BLWmOR A D  ~8-rn !IF C O d W  C m m  OF TZlABn Ri'YORXm ,!hl?D BiEL!AL n U a D B  

I 

...... . . .... ...... . .. . . .... . . . . ..".* . ..... . . fluom eaence of m r a m o u t  of KF ..... . . %neudf'%o%ent t o  muea w . .. .. . . . . .. .. . ...... ..*... . . ...... ...... . .. . ...... . . ...* 
rom water or 

0 .1  gbbr, a&9) 
I Qa) g~oat,, 1866) 

c.' 
3 Q~rni$helle, 18433) UI 1 

- (4) glgikgt~~ago4) 
(51 Q B o l l a ,  3.93) 



long perl0.U; heat cox1vepte them t o  U39. ax% eonadhat eoluble 

Fmpmttosl of the o- W2-2Egfl br been a h % m d  by G%oll.ILtt% 1 

tmm%urn %etra.flumi& t iwe not e i a t  8% aM, and t b P ;  u x w n ~ u  txqd'lumfde, 





veagr .famlqwte d y t % c a L  mthoik, The flum%nsa bte&mt%- . 

eaeUy have been in error by ~leveml k B ~ ~ h h ( a  par can*. 

%%a Brown ~fmmi%,y &wp istbnp%b to p p Q e  ,lmniu(m) O q -  

flu&& by Waatlng uxmnlm(lW) as~ohlmttb vtth liqu%B anh,y&m~, ly- 

drogaa fluaside at r- %~aperatm, but mms~tum tetranumb was the 



to give a pcxluot c m t s i n ~  erm. U$38 @ram 2). With U03, cBlas%m 

daes not -0t at 400%~ above 400% 9 3 f i  i a  fmmd IMP h e  4). AatPve 

UO2, -pared bg naduction of UO3 w i 4 h  ms-, (ci.  p ), 9 a ~  PepuPbd 

to ybla  waqra. ohlorib on %8°satmw% Hth euwm (IRXtL 1). With 

tEne .a14 f-& oan be .eubIlnsa may tn a s&am of c U d m  at 60006, 

leaving a ree%aue of yeLllow, anhybo'ae -1 cblodde (HP Aman 5). 

chlorltle fe fomeB. h e n  carbon te%aoipckalm%tas maeta with .c~arr%ou~ wan- 

ohlmine (cee Chapter m). Ihue, when U03 l e  tz0shd wltln carbon tetra- 

77 pr (xbnt UCl4 ia obtained (Xat, 2). ]sf wbcm ~ o p s i a e  or, better, 

c ~ a m f c m a  fa  ia-uced tha tetxa~'ixtb, a@' fiePa of (== 3) 
uranyl c~llarib is ~ncreaaed. J Bowever , %me ers not pertiebi~ezu cam- 

uQ3 ia meuated without he&%- to m-8 sir bu% learn ae, much water ae 



ple.Piion of the maotiexa. Materia& so prepexed hae the faPmula UO@lpoX@ . 
%he hydra.%& ia-1 chlopt8e can be dried without iaecmpaeltfoln In a 

current of &y hydrogm ohlorido gas at 300% (Brown 3)-  Pit, has been 

r ~ ~ d  (wllthout dett13.l) that UO3 euepsniled b a  etihtmo1 or carbaa tstsa- 

oh lo ibs  gdm e 1rra~1$1 &lo9tce osa treatrllMnt with h g d r q p  &lor%& 

(&rdue 1). prepasative value of thte reaction f a  UBknm, 

Them fa  a bx&mcy SOP the ~eao%%m mse t~ @Inter prevent- em- 

.plate c ~ ~ ~ . v ~ r e l a n ;  it G A ~  Be eountepcsobd by agitating the maatfan tube, 

Mixtures d LC15 and m16 and UC13 also resct w i t h  as,y@an t o  @re umw1 . 

clalcgide, but UC14 appears to be the best o t m -  naterlal (BP Asma 4) .  

hcetyl ohloride. CHJCCC1, react. w i t h  nv ioua  axides to give halldes 

or axymides (Chretien and OecheeI, 19%). Wit& UOj and liquid CHFOCI 

9.2 ~ ~ ~ L , ! Y ~ m ~ ~ ~ ~ h , ~ ~ i . d ~  --t@~. huf)W4? s)~u%IQZM Of 
' umqyl chlbdde hew basa p p w e d  by mrefu2 arlbtf on of a aoluttoaa of' 

. m i u r n  btmc~orf  de w t t ~  sf t rzc se%& (~rfve&ozi, 28241, br eolutian 

of U'gnw@ In an equivalent amount of hydrochbw~c aold (&rllue a d  Die&, 

~ 9 0 1 ) ~  a &&so by the a d f  tion of +.he etolohiomtrlo amount d MLVA 



pcmttrn of e -a mapitie s o ~ u t i a i  ,at 120% to ' k y ~ ~ s e  

been state& k, yield UO$lp.?120 (SAPI4olmfa 6). Saturation w%t& hy-' 

ney $0 ft3.W. b3'lc 
. . 

a a l t e  l e  great. A oapu~taa,  ~ ( O E @ 1 a 2 5 3 @  Baa bean ~s&itsd . . .  in fcan 



(a) Cwe- 8%80U0tm [MP Axwe 6)* X - r a ~  dlPwmia Shave been ob- 

~ ¶ m b  fm anhydravle ~EUQC~. ehlmib IPm the mepU@o obtained 

by c.-wllafw ummyf ~ U a n o l t b  fka~ the vapor (300%). The two f a m ~  

are BfffegentB a1 the waibaee B ~ O V  x m y  mix- wb%& are abeen% f k a a  %Brie 

. M Q ~ P ~ ' ,  a0 a 8,6920.0~i, b, ='8.59~~0.OU8 e , = 5 0 ~ O o . Q U  
. , 

'Y 

me &nelty oalculebd iram the x-pe~ date le 5.426 d c o .  A airnet 

dn a emam of ch1orlne m' oxywn a b m  5 0 0 ~ ~  . ' X% ,Wm been four&, haw- 



3 .  Chenieal Prolnertiea of lkaml Chlmlde. Anhydrous wanyl 

chloride la  a Ibrlat-yellw oryetallbe subetmce. The m a t e e  have a 

p e n l a b  caet and appaar t o  be f l u ~ e u e n t .  Both mbydroue endl 

wmyl  &loride are very hygroscopic an8 retpidly form v-iscoue eoluti- 

I on expoews t o  a i r .  In &y afa. the o o ~ p ~ s ~ ~  %table Weffnitely. 

(a) SoftaBLllty h Water aa8 the Sbbflf ty  of Aaueaue Solutions. 
1 

Wmyl chloride, i t e  hydrabe bara'8o ealts are a1 very eoluble in 

water, The tr-drato i e  e01~bl.Q to thg e x t p t  of TIE.6 p t e  pr 100 

Metz, lg01), .but thie  eeem fi~ta~ange. Tho eolubi.lity i e  repmtea t o  be 

h l e e r  Ln Wdrochlorlc acid eolution (Aloy, 1901~). The dlenefltr of the 

high t o  float  a a e e  or quartz. The demity of eolutharae BQ%wen 1 

10 pr  cent uraxayl chloride a t  13-16'~ l i e s  betreen 1.0056 and 1.0917 $cc ~ 
(de Coxhck, 1904). !J!he moler heat of eolutim od" UO$12.H20 (in 2500 

mole H20) has been defemniwd as 6.05 kcel (at 1 $ 0 - ~ 0 ~ )  (Aloy, 1896). 

1 Aqueoue solutlom of w a n y L  chloride ape therafally and photoehemfoally 

unetahle (Ngrltua end Dte*z, 1901). soltiticma are ueual~y aciti t o  l i tme ,  

l d l t x i t b g  a g p e i a b l e  hyikolgale. Although b Conlack (19091;s) m e  un- 

able t o  varlfy the extetance of ~ o ~ ( O H ) C ~ ~ ~ ~  ( ~ h b c h  hraa been found B3 

other workere), the foxmatlog of" eucb boelc mite ao a moult of hy(lpo1ye.t~ 

aeew fairly wel l  eetablieheb (oi abwe p. ) 

(Fsr other deteile as t o  the gppoprtlee of' ~ J & U ~ Q U Q  ~ 0 1 u t i o m  of UWm31 

o h l o ~ t b ,  oomult +Ae gempal diecueelm 'In Chapter mI[. - 



I dieeofve in methyl ace* o w l  acewee, acetane, and pyridbe, but  

It doe8 not dieeolve In, but zeaote oPftb, othere agla ohlorofo~ra. It fs 

I eoluble In alcohols, aoetoghe~me, m%dhe ,  and dfortans, but seaotlona, 

acoum wleh rsLP of theee eolvente (Mi? h e  4). U r w l  ohlorfb k t -  

, Vau U m u h  (1909) p m m d  mhy&oua usw& chlcgids 8oLuttons in 

~ l a h  by repeated e-vqamtion 05 ursayl acatate, firat Hth hydrmhloric 

l and ~ietilPingt the water off, w i t h  erne of the eaylol. 

I vorted to U388 by l ~ l t f o n  1x1 air. The 'Brm UmSvereft$ WOUP r e p t e  

In a atmaan of' nh%~~@n b s m p t S % a n  to U02 and chlorine oocure abwe 

~ Q W .  itn olasuum, it be- at 300%. Xn a atreaxa of ~~ ummyL 

oPi8o;ride m1!%a to I% reddirsh-brows 11qui% at; about 500%. Be the tern- 

p r y e t a l l h  UQ*. %-my stuaies have &own -,tho UD2 obtained in th ia  
C. 



way l e  ellghtly tiefferent *om o r d . b w  brown UB2. 

( 8 )  Beaucfw  agent^. Anhydrous -1 chlofide l e  reduced t o  U02 

eLna potaerelum ohlmPBe by mgtialllc p t a e e i m  (B"elieot, I%&?). ~ p e l u m  

at  red beet p t l c i l l y  raducee -1 chlorlae t o  urznium metal (Seubgrt, 

and S&m%d$, 1892). ,Qdpogon, zinc, or  coppsi. tmlqa fail  to do ao 

(Be Conlnck, 1w ,199b). &drogen eulff de maucse many1 chlortae t o  

U02, eailf'ur an& hydPogen chloride. 

droxltle or eodiwn hydrox%de 'm a i r  @me a 13iExtme 062 tiELux-a&be wIa& a 

mall mount of uxanate. W"l &c'lun hg6irar%aeJ an8 eome C m 4  

form; if air be excludedl, U02 ie f o m d  fnetsad of U98. Bari~um hydpoxSde 

a c b  eirmflarly- Calelum o x h b  a8d barium o~bae  2n. a i r  &ve e m  U308 

a88 ln the eaae of CaO, also a a . 9  CaUO4 andl Ca2U2C+, whereas BaO &ves 

prhcfpsl ly  B Q U ~ .  Btrauf lun hyd lr~~ ibe  ant¶ etkmtilazn oxtdle behave slm- 

ilarlr to b w i u  co;m.p&. 

( f )  Aoida (de Conlnck, lg03,lgCh)'. U r m y l  &lorib svcilvem chlorine 

. a nttrp-n axidee om mmlq ~ . f h  n2tx2'ho acid. C~msntrateB eulfbrlo 

ac.id c o r n f i e  u r q 1  chlmPeb t o  u m q l  eulfate with etio3utlon of hy- 
-.IF.-ms 

( g )  Eaacte in A~ueour9 ~oiuticme. Aqueoue ooluQtme of wanyb &lo- 

side errhlblt all ths '~eaotiona c ~ c t e z P f a ~ i e  of tho u ~ a ~ l y l  10x1, t o  be 

dleewee8 i n  (Chapter ' I., 

(h) Comlex 6cxi.1~0ub.d~ of U r a ~ y 1  CMorItle with Ammonia and Or@mlc 

18seea. An exbnaiva seriee of --I chloride m m o n t a ~ s  f s  Iwo~1. - 



~ l n  6 compoun8, UO$lp.mj; of the two W3 moleaulee , o m  le bound 

rso etson& as to. bo retained i n  B R C U U ~  (Fbtere, 1~9,1912)~. An ether 

eolutim of wmyl chloride, orhen tmataa ,yt%h ammania, form8 8 pPeaipl- 

and tireamst bf? the dried preoipttato with dhss (Ton Umuh,  1909). The 

chloride; an l@itim in alr it is ccmrerted t o  US%. It 18 mauaed at 

A trPamoniate i a  82.60 Inem, but mly bn the f'om of rsga eth@mto, 

U D # L 2 e ~ 3 *  (C$i5)20 (Ra(pslsberm, 1885 1. Thle o w p u d  is obtained 

orange ~aataplsll, stable in. aPr at roan Ite1prs~sbE;um, but l o e l q  .aimonfa' 

on heeting. A n  wetable ~ ~ n b a t e  fe f o m d  by tmatdw wmyl chlo- 

ride with l iquid ammonia at, 3%. The wan@3-sed, amrphousr eolfd be@m 

t o  decompose at lo& (?on Uau91hv lwg), Woaenheh cud ~acob~ahn (1906) 

obaeae$ the fommt%ora of' a p y - p e n  p o b p i t a t e  whoa urewyl chloride 

wae treated l iquid mmnia, but 1te oaapoaftfoa was not eetabliehed. 

 he most- p a t e e  work aa the ~ o r i ~ / m m a n i a  ayetern i b  that 
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of the ocm@.ezree u0$1~.>rn3, ' U0$12- 4m3, UOS12. Wg, U0$12- 218Hg 

and UQ$12.RBJ- F l m  2 llluetratea the raeults ircmlwhich these om- 

cluelone were dram. The temperaturea 09 the ieothe& l i m e  tri Fl@;lwe 2 

Endlcate the th~r?aa3 s h b l l l t y  rangee of the var fo~e ,  compomde. The penta- 

amonlate $6 peptlcular3y unofable, even a t  -44%) whereae the monoa8nmonl- 

ate 1% quite stable up t o  130%. 

The heat of for-mtlcxa of the aaannnfatee varlee from -9.63 kcal!m9..s 

for UO$l2*>1iB3 t o  -18.03 kcal/mole for UQ$l2*lVH3. 

A number of o r m l c  basee aleo iom camyhex earmpoWer eth umny1 

chlorlae. 1% apgeare that while the oouz-dfnatlon 8aef.a of' uranium In 

uranyl cU&28e am accommodate a ~la~bstnnm of four amnia  molecullea, stexolc 

collelderatlone uaualu l tB l l t  tihe number of orgenie group t o  two. The 

preparatlan an8 propartlee of a nmibes 02 eueh complexee k o  glven In 

%ble 6. %!he ocaaplexing gmu-ge include, in addlticm t o  b e i c  n i b o p n  

compounds, aleo compounds the b a ~ i o  piropsrties of wblch are dtue t o  oxygen 

01P ~ulfL1IP. 

(I) ComtiLex C o m r ~ ~ e  of &any1 Chloride eJnd btalb IIalibee. U r a n y l  

W o r l d o  f- a eesfek! of double rsalte, of tlae type &WO$lq, wbem W a s 

univalent meal ar equivalent Ion. J. Aloy (l9Oh) pmpared arahydroue 

Quo$lq an& Ra$JO$14 by t.reat1ng the s p p r o ~ t a b  dAkaP1 halide with 

U ~ P J U ~  chlmlde Bapore a t  red heat. The rfo~ble aal t s  are aeecslbedl ae 

golden yellow water-soluble sol%& which m e l t  e t  red heat without eardvtng 

aay =Pops- 

Cumpoundle of th le  type can alea ba $?apmd *om aqueous eoXutlon; in 



FIG. 2. , THE URANYL CHLORIDE -AMM,ONIA SYSTEM. ( F R O M . .  P. SPACU,. 'Z. ANORG. ; ' , . . 

, . A-LLGEM. CHEM., 230, 183 ( 1936,) ). , . . . 
. . . . 
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and 198#0@14* 2820 w e r e  firat m ~ b ' b y  &iseolrin@ 5U2&p or (NH4)2U207 

wmk in cogcentmate8 h~&sc.lla ,wee aelb eroPutfon~., to .  prevent p^8c%ptta%%cm 

' a 4 WOb19, Bj B na42q , ma l(= ~I.%$Q. X$ f e 8oxy 6oluBBe in water. 1 0 % ~  
. ' .  

have tihe iwxm eapm%t%on. The heat of BBesoIutfzn t.e abou% 2 kd/mobe at 

~t ~.ea'hea% 1% m l t ~  6 t h  W V O & U % ~ ~  of CBalmBr~, Hp3rogen ~ & U W E P  %%. XXA 

T contradietinotion to E3U0$5, the ccsapmd E2UQ$1bg 28s 1 reduce& in am- 

bb f-so ar r n ~ ~ ~ l c  acid ~~o&uticmi ( ~ c ~ t o s l ,  1886). 



of the camp%ex aELB tihe efee of the catfen;.the larger the Batter, the 

- ' 1. a e a t ,  rather %&tan a free base. R h b o h  (1904) ha. bs&crf&d em- . . . 

p o ~ e  tieri~st~ &am., ammnik c u o r t b ,  t . r r n e ~ ~ ~ m ~ ~ ~ ~  o~~~oratie tetra- 



6 
R- yellow W- mystafe, atc = 1:0~3094, lecxmrphlo with the . 

~ s r ~ e ~ l p c d i n g l  tetra methyl compowd$Ike the lat-r, 4 t  dieeolvc3e in water 

tsbthout de~~glpo8f tlsn. Rt4y1ene dfammm'lunn umnyX chlorlb (Ckoeemm & 

Bchuek, 1 ~ 6 ) ~  C@4(I(B3)2m$~4, best p p r a b  by sdditicm of excess hy- 

drooblorts add to a mtmr eolution of epJlslstasd%amtne a d  m n  edditlan 

cllnivn umwl . . . .  ..-.. chlarlds_(C~@J)2~14 yellow o r ~ s b l l t w  pwdesr ,  ealuabe 

h water and alcohol) ( ~ i e o b s s ,  19021, p luttidfnius~ many1 chloride 

( c ~ E ~ + ) ~ u o ~ ~ ~ Q  (wtl~.iama, la), and gu~n01tntum tirany~ chloride'. 

- (C&-fi)2UQ2Clb) (Uilliaae, 18561, . . have also been propred. me W o p s  

oxcm~ur. a&*, mnths1ium urany~ cblc~ide (c~JPo)~uo$~~' (8oeee and 

L. Leeage, 9906), ie  a e o  tmotan, 

. green fn 6010~. ReBuet.hara ln ~eohd.-e~hes mfaa,ture@ gave ~cmp1.p~ m i x -  

ture~ of baef a adtts ; fin aqueoue eolutiag, cmly h.y&ratied 'urtmiwm dlsxlde 

f -dl. L l t U e  -1-0 bt3 @.8C%d 0Y.l a@8% F~?@U~B j 110 8 ~ p F f m ~ w  

bta.ble were given, anb the &e8c~.ip%lon of tihe prcduct w o b s  doubt as to I 

low timpmtm'ee b csaeom yic~Pded ~ O U B  p c f p i t a t e  redf esdutf on 
' I 
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of th i s  preoigitkte i n  ethanol andre-pmaipltation by ether, @vee a 

prauet  vhlch, after IAwough wmh%w with ether drying in n &eelccator, 

ha8 the cmpoe%%lon lJCCb2rQ.> E20, 1% %e aeeoribod aa a bri@t weeno cry- 

e W b e  ep\4'4&ance, ram@ etdubls t x i  water; moh erolta%lone cbceslrr~aee on 

heat- wltb eepratloar of' hyilntbd m f m  81 oxi&0. Theere fisaaiqy w e  

c d l m d  by obsem%icnw at UCPaT, that an queaus e3abutf~n of m i m  

, t e ~ c U O r i d e ,  when M s d  a% 100% &u raw, or a+, 120% far dry Bplrogtm 

 CUM^^, giws solids w i t h  the CCSU~OEJ~~IQD U ~ . ~ . ~ . ~ & I . B  3120 anb 

. UOC1200pe 1.8 li20(ERL 4). (see alao Chapter  ) 

my I@ w* ~LBI  pare ae ?hat p p m d  bx lfpuida pbahie maotfon. 

8% Atma two U B B U D C B P I B ~ ' ~ ~  i-stte~~~pte were m4e to propara ui~m%m(IV) crwg- 

~ h h i a o .  ~n m, o h l a m a  ma~tsa via ugo$b, (a anal* t o  a re- 

action mcceasQul3y ueerl. in the p e m t i c m  of m a n B u n  e#ybr68~%dbo ) but the 



! f'eaWer-@hapdl oryetalgl, bu% we= edleb p e n  br w o r b x w  a& Brawn &at- 

layer line e p a c i w .  layer Iim o p t n g a  torma1 $a the' negtbbe w i ~  are 

about 4 0 ~  but sra ~ t ~ t i n c t .  Sam p m l b h a r y : x - t ~ y  work has a l ~ o  been' 

done ~la49tbhem, but no aonclu$'8m~ ae dm tihe s%ractu;aoca r s r ~ e  as get avafh- 

I '  able (~ahn Bopkina 1). A tralue of 2.4 haa been rspc&Al. for the dfelec- 

!a rsr&ibl*. The . s i u i l l ~ p i u a  gweQauae cB UClk above urenlm {R) cr~eUo- 
. , 

p%de been ~ l e ~ ~ a w e d  btbfeea. 4'60'~ 88Q1 90%~ W. the meul%a- a. euma- 



. . . . 
bikoly .produe$. , Cmeequen~,  a U  of $he @angoqllat$~ bw. ben r a f e m d  

. . . . 

' t o  tihe 3wl.etta: 
R . . 

(22) U C C I ~ ~ )  i 8 ~ ~ ( ~ ) +  t.1 4 mlig) 

. The experbsntal values of the epuilibriuo o o l l s w t  an, glven in Table '8. 

&om taese b t A  one obtains, $ = 10.6 k~/c1011e  (2 10-15 p r  cent). 

30 then 6.03 ~ / m l e ' e n b  ,h8&jo D 6.79 e.u.. .aF& 3% 



8% teqpwtur. . . .  @vea us&ntm teWum%as and mot u-ilm axyf'luoribe; 

os ibt i  by. Emmim (186% ) an(, 38-r bg ,vcm U - m l i  (1909). Brmf ne mpcay 



obtained ae hygroeoopic, re&, flucmeoent needles froa t;h%rs solution. Moat 

of the ether 1e loe t  ln vacuum.' BlcP1ardls and Meri@dl (l9O2) txwate6 U98 

vith bramine enp w l t h  hydPogen brad& but obaerved no mrpetlm. A nlraYasr 

of  warbra have grepred whydroue uranyl b r d b  by dehydration of man31 

bromide hydrate. This work wlU be dIeaaee(8 In Section 5.2. 

gpoup prepared ~ d r o u e  wmyl bratde by mactfaa 02 asygp~ w%t& uranium 

tetrabromfde : 

(23) mr4 9 o2 +uo* + b2 

The t empera tuse  regula%f ax i e  b-t, Bellat lb% the maat%- i e  ex- 

tmm4 elm; a t  200% oowldersble em-%e of Uj08 are produced. Ihe beat 

range is 150~-160%, prepraticare analyew 96 par cent -1 brmide can 

bs mabtly obtafnea at t h l e  tampmtm. X-ray  ahotcpgraphe Obcwed. no U02, 

UP8, U03, Or Wb t o  bs m6@nt h tho =cduCt. 

Wranlum W b m i b ,  UBr3, when treated with w g d m  a t  ram temperature, 

b u m  vigorouely, th la  he therefom not a gcmb 'preger"ative mthwJ, I t  k i d  

been obeerved (W h e  9 )  thet uranium CPloxfb d o o ~  root react wlth bre~ine 

even at 720%- m o u e  hydropa bromide macto a t  100% w l t h  dry amxmiwn 

dluranate, (8H4)2U24, to glve,ammg other poducte, a water-ealuble sub- 

etance thought t o  be a double salt, of &miurn braaide and u m z l  bromide. 

5.2 PP.emratioa of Hydrated Urav l  IPmnide. Richards ant3 brsrlgpola 

(1902) ppeXWb q U O C r 3 8  0 0 ~ 1 1 t ~ ~  o f  -1 bF0lll%&3 by tihi3 old ~lem0d of 

Berthemot (1830), vherein wanlure dimtdg msrpnb& in water, i e  haatad 

wftB brcraine. A f t e r  excees b r d  b e  been r r a m d  by evaporatim, e 



in water and in abcahd. 

I %nd%neel~ (1879) obtained myetala of the hydrate by dPeaolvlng hy&abd 

I ureni!rm d % m l b  In tqueoeouo Q&Q~IPCII&C aid. The ~~ellcL- e ,lutioa ws 

~oncentrate8 to a rryrup and then &tea In a destcceto~. The hy~oeqopio, 

w t a b l e  m ~ ~ t a l s  eo obtained h a  the cmpal t%cm UO9r2*7'Ii20 

evslgaprzfion of 1.4mmyl ac@tst%, fir& asdth hay&obrgqnie acid anb'then 

w a t e r  e l so  y11de ka aqueous eolution oi. -a bro~ltb (von ~ ~ l h ,  1909). ' 

. 

w w  p ~ O W - @ % t 3 X &  CrYUk€di9 f0X7fl 8 beB%BCPn%m f ~ k  Mf & 8&u%f 0YL 

ee-b Payer and the doahoXlc t8olutlm can be ~ o ~ t s d .  The aoluthon 

lhruh euggeeted a s  uere of ether for dehydFatian, but ;Riehasde mcl Matc.?y>ldl 

very hygroeeopfc r.mlib wh%ch turn0 yellern fm th&.pretetrse~lce of waba a~aplor. 

utionne, of uranyl brond.de are sa?ibr &able3 in aer p a e x i c e  of mole&urs 

aes b e  alrew been notea, 1s dl80 eoluBlle ln ether mil amyL shoohol. 



Tks compound l e  very eoluble in water and exhlbitc reactions chamcterletlc 

of U02* %me. Aqueous solutions tadergo extamire hyasolyels on boiling 

(b Chilnck, 1903). 

U-b bpomiBle l e  therraKihl3 11mt0rbIe ae bcamlpeeftlan w i t h  elow llbeJP- 
\ 

ation o~ br-ae occurs men at rocma temgsmtudpe;  aim ie mas raptar 

evkrreb La a helium atmoephere a t  250%~ 8owevar, even at 350~0,  18 hotwe 

ape requl.md before c ~ ~ ~ p l t ~ b  d e a o ~ l t l s x s .  S b c a  the reveree maetbon 

rate dspade ,a&y ara temlperaturse .& not m ths pesri;$al v o l w  of b ~ d m  

(W b e  10). I@lt'hon d UO$rge?E$ in ePr Ir~cnds ~ p r t u a l l y  ta f o~~llat1a.n 

differmat varietlee of t h i e  oxide (ess Chapter XI, p 1. 

UPanj1 branltb, l ike  ehe f~uorrlde and cblofide, semllky . f ~ z r m p r  double 

a t e .  The amanlatoe, UO@r~02BHg, U O $ I , ~ . P E ~ ,  raasla U0#re04BXj, cas be 

propared by treatment of ethemnl or s%haaoll~ eolutfoasl of bmle3s 

w l t h  amonla (om Unruh, 1909). lTO&Bi2*biE~, a &as@-3 eoloxaed mmg~-md 

comlp0un.d mb by t r a a t i . ~  the diamcmiata a%$ l iqula armns:75.~.,  &acmposee 

CompounBa of the type ~ V O $ ~ P ~ O ~ E I ~ Q  have d s q ,  been pepeaed (Sndtaer, 

1879) . '""..nium or pcteasium Biur-toe diesoLIBd , in ka;y&o'$,ro(mBo acid and 

~UO$r4~2E?20 - larm rh-bio, yellow rra~aaWe, 9~8m 801uUe 4a water. 

Thees'ealter Porn olLag I S  a l a r ~  .ercsse of acid Pa ueeB. If the pure s a l t  

ct86~p;lex %-cads t o  a mixture of uraniun dtsxtde and potaaalum eel ta ,  The 



wmyl br&de double s a l t s  ars mms -table thsn . . the corrospo~&tq~ ~ ' o p i n e  

irm~ea (loe.&i, 194). 

&any1 kcmi& form a eerie8 of mMtltianr 0mgoW~~1 )fit& VEWBQUB baa10 

o ~ w n i o  acm@otm&, : A n  stherate, ~ T Q $ P O ~ * ~ ( C $ ~ . ) ~ O ~  has been &scribed by 

son Ihmh (1Wg) e It %e a ?e$low-gm@n, fAutme .m~tp' cqatallfne eub~tmce, 

very hyimecopia, which dscompoaes 'kapidly in air -221 s v ~ ~ u t f o o  of brcm%m. 

. . 
of edaition am-de oP -1 braiAde w i t h  os@n%o nlt~cagpn base.. Thee@. 

a m  pmpred e m c a y  a@ the very e'BPm.ILa9. m v l b  cUoP8dle tkrhatlvea (of 

eectfm 3.3). The ecalu'hilftiele of' &be ~ a r f i q r l  brami.4.e oompdexeo B f f ' f e ~  f ~ c r a !  

. . 
been prepared (Foeree and beage, 1906). 

Anme 9 )  tihat a yellw zreemtdlue fmquenUy obacwveb on sublixaf;$m of' 
I 

- 
A amithod or g~~peaation baaed on fhe i&lw rsootiam ha. h e m  bvelopsd 



Methyl acetanilide 1189r2e2CdB5E (CE~) ( C 2 H P )  Stable in air- I Shfw, gellow 
i:Z?yerkl;~. 

89.aaw ~ell~wi 
atable in air. 

Stable bg air. 

sea. b ~ ; ~ t a r  &ma 
a h o  Inaol. it? 
e%her. 

Xmd. tn w a t e ~ ,  
dff. BOP. fn a h e ,  
acetone, and 
chlomim. Inaol. 

ether axla EmyP 
d c .  Co3Rpletely 
eok. Bn am~l al- 
cohol on heattwo 

Sol. i x l  warm 
X20 ox. ale, 
ell@~tly eol. f8 
bo i lhg  acgitaas 
ImsoL. tn ether 

,.CW em3.  SOL 
%n El. 



for 81eveml houreo after which a bla& preeBpPtats, pra?u~~bbp hydrated 

eBtaixwB. *era queoue eobutf am of want um ts%rabranide . m a  tr6ated with s . . . . 

base. It hae been euggeeted. by ehe Ames barkers (PIP b e  12) that stable 

almPde and wmb.un teemb~ornlde occws. U308 foram cm i(pilt.w in at+. 

6.1 O 

The epullibriwa of' ulsnium ebrrnfae  reauction br &rtIrogen has l s m r  e'.u&ied. ' 

between . . 300% and 400%. Redlulctbri poceecb wt%B tihe. f oma%%on of h,ytWogma . 

-' 9 

bromide; the ,-aya.s(e of ehe BE+ 1s raade 0x1 the assuptfon that VCOB). 16 th.;v 



. .  
m u -  . . 

The expx-bemM equilibrium ccmsmts am glvk?. in Tablo 10. 
,.. 

mu. 10 

Faom the above data, csleEalc~aPIea OE@ijog = 10.1 &&I,  OF&,^^. 6.06 

bal/m.o~e, R867?0K = 6.01 e.u., for mace%& (26). 4 

Camtaata (XRL 81, f'ofioviw Wus-%c con- 
. - "  ..... - . . . .  

etaate have been @IQP by BkeUoed fa u m 9 m  QX@BO~%&: 



St ie aoubtf'ul whether pure ummy1 t o d % b  hae ever been p p m ~ d  fn the 
A 

~to124 atate. Ilkoms what l i f t l e  i e  knovyp about thie iubotsnce, I t  apgeaPst 

- l ikely that it i e  oamlderab1y leas etabZe tgraP wany3. bsossfb which already 

. a d1etI-m t bnbncy to 106s i t e  ha.lo@n. Varleue worhre have a%bmptad 

to  p p a r e  uunyl loaide by .rserotiarn of iQbkr%e vcapose or hydrogen Iodide 

voza Unruh (1909) prep08 euch eolutfcm by treating u w l  aceatata via by- 

extanalve bcompoalfion. Drying in vacuum ylsl8s yeUav-@%en fluareacant 

needlea whf clh B~oonpoee rapidly in air wtth l i b e ~ a % I m  af i d b e ,  The 

eubetance was not analyzed. PBevioue attemp- by 8edtaes (1879) to  can- 
* 

tibe evolution of ler- amount8 of lodtns (holdltper, 1879); a d  a product 

heavily c ~ ~ t e b  with free Iodine we obtains&. It appears unlikely 

that queoue s o l u t i w  of  many1 fdlb be dehydrated wtt;heu$ extensive 

decmnpoeltlon. 

 solution^ ~f -11 IotIfCle in water ar o r p t c  alolvents oan be readily 

prepamd by double B e o d ~ l i ~ ~ ~ e l t l o n  maetdom. Cdlhe rcpeotant~ ere eo ehoeen 

that  one of the produote 1e u-2 iodide and the other a ealt lx~ol luble  in  

the eolveat ueed, J. Aloy (190lab dlaeolwd papti&l$ dehydrated us~qyl 

nitrate hezahybxtte In sther & added a el%@& excec? of baa"ium1dlide. 

0i-1 re- fPls %QslOluble Bakium nltrata anti canom-tw the reB eol- 

u t i m  in V B C U ~ ~ , '  an uxmtable, ma, yery 8 e l i ~ u ~ c ~ n t ,  ctxptiall98e xmter%al 



It U e  been re'mtedl $bat, -1 fodtifte fe m1uStHe b mtQ1 ~0@4xte, 

@*I acetate, age-, pyrtbiae, (Rammm, ~W,L~QP), ~611 w in . ' 

, . 1 
- : 

C m B Q 5  .X6g%- Cibotrs 5% 

Aqwoue m et&md%o eePuttsne ef 11.mu3y1 i&Bb have B8en h e w &  $0 . . . .  

. . pmeees the p o g e r b ~ t , ~  aieaolving n a m i ~ y  fnsduble ~ v g  mew lcdlbe ' - 
. . 

S U O ~  tu ~ierpita iodide, B I I ~ ,  oz ZSHCCUIC OOT~B.,  H B ~ ~ .  OOEQ~LUMIB S U C ~  w 



. .- 

I=. . H-F',, a., a&. z$geJ-g, 106i.' 
'' 
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